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Introduction 

Dust  control  in  the  livestock  building  environment  is  a  problem 
that  has  grown  with  increased  use  of  confinement  housing.  High 
concentrations  of  dust  levels  are  found  in  enclosed  buildings  with 
large  animal  populations.  The  large  quantities  of  dust  are  difficult 
to  remove  with  standard  ventilation  systems  (Gast  and  Bundy,  1986). 
Dust  in  hog  barns  is  a  serious  nuisance  for  several  reasons:  1)  dust 
acts  as  a  vehicle  for  animal  disease  organisms,  2)  dust  inhalation 
over  time  could  result  in  fibrosis  of  animal  and  human  lung  tissues, 
and  3)  dust  fouls  equipment,  thus  reducing  efficiency  and  durability 
(  Phillips,  1986). 

A  variety  of  respiratory  conditions  have  been  recognized  in  people 
who  work  In  swine  confinement  buildings  (Donham  et  al.  1977).  These 
conditions  include  bronchitis,  reversible  airways  obstruction  and 
symptoms  similar  to  either  hypersensitivity  pneumonitis  or  organic  dust 
toxic  syndrome  (Donham  and  Gustafson,  1982;  Donham  et  al.  1986). 
Human  health  problems  most  likely  are  the  result  of  the  combined 
effects  of  inhaled  dusts  and  gases  (Donham  et  al.  1977;  Donham  and 
Gustafson,  1982).  The  health  hazard  of  dust  is  dependent  on  the 
following  characteristics:  1)  Number  of  particles  which  are  small 
enough  to  be  drawn  into  the  alveoli  region  of  the  lung  and  which  are 
referred  to  as  the  respirable  fraction,  2)  high  concentrations  of 
protein,  3)  high  count  of  bacteria  and  fungi,  4)  activity  of 
endotoxin,  and  5)  absorption  of  irritating  gases  (Donham  and  Leinlnger, 
1984). 
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The  majority  of  the  aerial  and  settled  dust  particles  in  swine 
finishing  confinement  buildings  originates  from  feed  (Chiba  et  al. 
1986;  Curtis  et  al.  1975;  Donham  et  al.  1986;  Honey  and  McQuitty, 
1979;  and  Havmond  and  Slot,  1968).  However,  dust  in  nursery  and 
farrowing  buildings  is  comprised  largely  of  fecal  particles  (Donham  et 
al.  1986).  According  to  Bundy  and  Hazen  (1975),  concentrations  dust 
were  influenced  by  methods  of  feeding  and  type  of  feed.  Similarly, 
Chiba  et  al.  (1986),  and  Gore  et  al.  (1986),  found  that  the  addition  of 
5%  dietary  fat  or  soybean  oil  reduced  concentrations  of  aerial  dust  by 
greater  than  40%  in  finishing  and  nursery  buildings,  respectively. 
Therefore,  control  of  dust  emissions  from  feed  would  probably  result  in 
a  more  productive  and  healthy  environment  (Gast  and  Bundy,  1986). 

Though  evidence  is  mounting  that  airborne  swine  house  particulates 
are  comprised  mostly  of  feed,  much  is  left  to  be  understood.  Factors 
such  as  origin,  size  distribution,  morphology,  and  seasonal 
fluctuations  of  dust  concentrations  are  important  to  the  Agricultural 
Engineering  Technologists  and  Agricultural  Engineers  when  considering 
methods  of  control  and  removal  of  swine  house  dust.  Therefore,  the 
objectives  of  this  research  were  to:  1)  determine  origin,  size,  and 
shape  of  airborne  particles  in  swine  finishing  units,  and  2)  analyze 
the  differences  between  farms  and  between  farm  visits. 


Review  of  Literature 

The  Problem 

Except  for  young  livestock,  producers  use  enclosed  animal  houses 
for  labor-saving  conveniences  -  not  for  animal  shelter  per  se.  Only 
with  the  trend  to  confinement  has  air  environment  became  a  potentially 
critical  element  in  livestock  production.  In  addition  to  normal 
atmospheric  components,  air  in  animal  quarters  contains  exotic  trace 
substances  and  excess  amounts  of  natural  components.  These  components 
may  be  gases,  liquid  droplets  or  solid  particles;  organic  or  inorganic; 
viable  or  nonviable;  noxious,  pathogenic  or  inert;  and  there  are 
several  feasible  permutations  (Curtis,  1972). 

The  quality  of  the  air  in  total  confinement  swine  buildings  can  be 
lowered  by  the  presence  of  atmospheric  contaminants  such  as  gases  and 
dust  (Honey  and  McQuitty,  1979).  A  well  recognized  problem  associated 
with  atmospheric  swine  dust  is  the  contribution  of  dust  to  the  rapid 
deterioration  of  buildings  and  equipment.  More  recently,  attention  has 
been  focused  on  evaluating  its  potential  hazard  to  the  animals  and  to 
the  human  workers. 


Human  Health  Aspects 

Numerous  respiratory  diseases  of  man  and  some  common  respiratory 
diseases  of  domestic  animals  have  been  associated  with  the  Inhalation 
of  dusts  of  animal  or  vegetable  origin.   Chronic  exposure  to  dust  will 


often  lead  to  irreversible  lung  damage  (Martin  and  Willoughby,  1972). 
A  variety  of  respiratory  conditions  have  been  recognized  in  people  who 
work  in  swine  confinement  buildings  (Donham  et  al.  1977;  Baxter, 
1969).  The  potential  hazard  of  airborne  particles  is  dependent 
upon  quantity,  size  and  composition  (Bundy  and  Hazen,  1975).  Asthma, 
urticaria  and  hayfever  may  result,  where  particle  sizes  are  large 
enough  to  confine  entry  to  the  nose  and  upper  respiratory  passages,  but 
acute  and  chronic  bronchitis,  chronic  emphysema,  bronchial  pneumonia 
and  fibroid  lung  may  occur  when  particle  size  is  small  enough  to 
penetrate  to  the  alveoli  (Baxter,  1969).  Anderson  (1958)  found  that 
particles  smaller  than  5.2  microns  would  penetrate  to  the  aveolar 
regions  of  the  lung.  Ninety-five  percent  of  the  dust  in  swine 
buildings  is  in  the  particle  sizes  considered  to  be  damaging  to  the 
lungs  of  animals  and  humans  (Bundy  and  Hazen,  1975).  In  a  study  of 
swine  confinement  operations  sampled  in  winter  months,  Donham  et  al. 
(1986)  found  that  the  measured  concentration  of  total  aerosols  exceeded 
the  Threshold  Limit  Value,  TLV,  (TLV  is  a  time-weighted  average  air 
concentration  believed  to  cause  no  adverse  effects  in  most  workers 
repeatedly  exposed  during  the  usual  eight  hour  workday,  five  days  a 
week,  NIOSH  (1986))  for  total  nuisance  dust,  but  not  for  respirable 
nuisance  dust  in  half  of  the  finishing  buildings.  Aerosol  limits  for 
nuisance  dust,  however,  probably  are  not  adequate  for  swine  dust  since 
it  contains  foreign  protein,  grain  dust,  insects  and  insect  parts, 
fecal  material,  bacteria,  mold  spores,  and  possibly  other  biologically 
active  substances.  The  presence  of  adsorbed  ammonia  complicates 
assessment  of  the  potential  health  hazards  of  this  dust. 


Studies  cited  by  Donham  et  al.   (1986)  have  noted  that  the  combination 
of  inhaled  dusts  and  gases  may  affect  human  health. 


Swine  Health  Factors 

Animal  environment  has  developed  as  an  integral  part  of  total 
animal  management  systems.  Livestock  exposed  to  adverse  environments 
experience  reductions  in  rate  and  efficiency  of  performance.  Concerns 
regarding  environmental  pollution  and  labor-saving  devices  including 
mechanization  and  improved  livestock  handling  facilities  have  placed 
animals  in  environments  that  impose  a  wide  variety  of  alterations  which 
have  resulted  in  changes  in  the  physiological,  sociological,  behavioral 
and  psychological  responsiveness  of  the  animal  (Ames  and  Ray,  1983). 

Workers  confront  industrial  environments  for  relatively  short 
intermittent  periods,  whereas  confined  animals  confront  their 
environments  almost  continuously.  Livestock  also  face  many  potentially 
harmful  air  factors  simultaneously.  Air  pollutants  of  most  importance 
to  animal  production  differ  from  those  of  concern  to  human  health. 
Pollutants  of  industrial  origin  concern  public  health  workers.  Most 
air  factors  of  concern  to  animal  production  result  from  normal  animal 
functions,  production  practices,  or  both.  Thus  many  air  factors 
originate  from  the  animals  as  well  as  affect  animals.  Enclosure 
lessens  atmospheric  dilution  of  these  air  factors,  especially  when 
other  considerations  dictate  low  ventilation  rates  (Curtis  et  al. 
1972).  The  practice  of  collecting  swine  waste  under  partially  or 
totally  slotted  floors  has  added  to  the  air  quality  concern,  since 


waste  may  be  held  in  the  building  long  enough  for  bacterial  action  to 

produce  gases  (Day  et  al.  1965).   Sutton  et  al.   (1986)  also  found 

gaseous  pollutants,  odors,  dust  and  bacteria  to  be  found  commonly 

in  enclosed  swine  units.   They  resulted  from  decomposition  of  excreta 

animal  respiration  by  animals,   operation  of  fuel-burning  heaters,   and 

feed  delivery  systems.   The  quality  of  the  air  within  total  confinement 

pig  buildings  can  be  lowered  by  the  presence  of  these  atmospheric 

contaminants  (Honey  and  McQuitty,  1979). 

Although  there  is  little  evidence  to  suggest  that  dust  content  of 

dust  in  a  livestock  environment  will  have  a  detrimental  effect  on  the 

growth  rate  or  food  conversion  of  livestock,   it  may,   through  its 

irritating  action  on  the  respiratory  passages,  predispose  the  animal  to 

other  respiratory  infections  (Baxter,   1969).   The  conclusion  that 

raising  swine  in  dusty  air  may  predispose  the  animals  to  respiratory 

diseases  is  also  supported  by  Donham  and  Gustafson   (1982),  Jericho 

(1968),   and  Martin  and  Willoughby   (1972).    Insidious  respiratory 

disorders  are  among  today's  most  economically  important  swine  diseases. 

Chronic  pneumonia  is  widespread  and  it  may  alone  reduce  growth  rate  by 

up  to  30  percent  (Huhn,   1970).   Dust  accumulation  In  swine  buildings 

can  be  a  contributing  factor  in  intensifying  pneumonia  (Switzer  et  al., 

1981).   Even  moderately  low  concentrations  of  gases,  dust  and  bacteria 

In  swine  units  can  stress  pigs  by  irritating  tissues  in  the  respiratory 

tract,   increasing  susceptibility  to  diseases  and  reducing  overall 

performance  (Sutton  et  al.,  1986).   Exposure  of  corn  starch  and  S0_ 

resulted  in  a  loss  of  cilia  from  the  epithelium  of  larger  bronchi, 

although  exposure  to  either  of  these  two  agents  alone  failed  to  produce 
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this  change  (Martin  and  Willoughby,  1972).  Therefore,  the  interaction 
of  air  factors  found  in  swine  confinement  houses  may  influence  the 
incidence  and  severity  of  chronic  pneumonia  in  swine  (Jericho,  1968; 
Kovacs  et  al.  1967).  However,  Curtis  et  at.  (1975)  found  that  the 
rate  of  gain  and  structure  of  the  respiratory  tract  of  growing  pigs, 
which  were  free  of  respiratory  disease,  was  not  directly  influenced  by 
NH,,  H  S,  dust  and  combinations  at  levels  commonly  encountered  inside 
enclosed  houses  at  commercial  swine  production  operations.  More 
recently,  dust  has  been  reduced  by  over  40  percent  when  tallow  or 
soybean  oil  was  added  to  the  feed  (Chiba  et  al.  1986,  and  Gore  et  al., 
1986).  In  Chiba's  study,  the  overall  incidence  of  lung  lesions  was 
higher  in  pigs  fed  the  diet  without  tallow.  Also,  there  was  a  tendency 
for  pigs  fed  the  diet  without  tallow  (higher  concentration  of  dust)  to 
have  more  severe  forms  of  lung  lesions  than  those  fed  the  diet  with 
tallow.  The  pigs  fed  the  diets  containing  tallow  or  soybean  oil  also 
consumed  less  feed  and  had  improved  feed  conversion.  These  results 
agree  with  reports  by  Nordstrom  et  al.  (1972),  Leibbrandt  et  al. 
(1975),  Seerley  et  al.  (1978)  and  Keaschall  et  al.  (1983). 


Characteristics  of  Swine  Dust 

A  large  quantity  of  dust  is  produced  when  swine  are  confined 
(Bundy  and  Hazen  1975)  and  production  of  dust  varies  with  the  season 
(Stroik  and  Heber,  1986).  Concentrations  are  lowest  during  summer  when 
ventilation  rates  are  highest  (Phillips,  1986).  Also,  pigs  tend  to 
become  less  active  with  Increasing   temperature.   Diminished  animal 
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activity  is  assumed  to  yield  less  dust  (Honey  and  McQuitty,  1979). 

Dust  usually  has  the  same  chemical  composition  as  the  substances 
from  which  it  was  derived  and  its  particle  size  will  determine  the 
degree  and  duration  of  its  suspension  in  air.  Dusts  in  livestock 
accommodations  may  be  of  an  organic  or  inorganic  nature  and  arise  from 
the  feeding  of  dry  friable  products,  the  attrition  of  building 
materials,  the  drying  and  fragmentation  of  waste  products  and  the 
removal  of  hair  and  skin  tissues,  etc.,  from  the  animals  (Baxter, 
1969). 

Qualitative  microscopic  analysis  of  swine  confinement  aerosols 
revealed  that  they  were  heterogeneous  in  nature  with  a  great  diversity 
of  shape  and  composition.  Some  of  the  components  identified  included 
the  following:  feed,  fecal  material,  swine  dander,  mold,  pollen, 
grains,  insect  parts,  and  mineral  ash.  The  bulk  of  the  collected 
particles  was  made  up  of  feed  and  fecal  material  (Donham  et  al.  1986). 
The  conclusion  that  swine  house  dust  was  mostly  feed  dust  is  similar  to 
the  findings  of  Chiba  et  al.  (1986),  Curtis  et  al.  (1975),  Honey  and 
McQuitty  (1979),  and  Hovmand  and  Slot  (1968).  The  dust  generated 
during  delivery  of  feed  to  the  feeders  is  a  major  source  of  the  total 
amount  of  airborne  feed  dust  (Chiba  et  al.  1986). 

Photornicrographic  analysis  of  swine  airborne  dust  resulted  in  the 

finding  that  about  1  percent  of  the  particles  in  the  11  to  16  micron 

size  range  were  pieces  of  hair.   Ten  percent  of  the  total  particles 

and;   about  5  percent  of  the  particles  in  the  7  to  9  micron  size  range 

appeared  to  have  originated  from  skin.   Shape  and  color  were  the  basis 

for  these  observations.   Dark  fibrous  particles  were  assumed  to  be 
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hair,  while  thin,  flat,  translucent  or  white  particles  were  assumed  to 
be  skin.  The  remaining  cubical  or  spherical  particles  were  assumed  to 
have  originated  from  feed  (Honey  and  McQuitty,  1979). 


Materials  and  Methods 
Sample  Collection 

Samples  of  aerial  dust  and  other  pertinent  data  were  collected 
from  11  commercial  swine  finishing  units.  The  selection  of  the  11 
commercial  farms  was  accomplished  by  obtaining  a  list  of  swine 
producers  from  local  veterinarians.  The  producers  were  then  contacted 
to  obtain  information  about  their  finishing  units.  This  information 
included  building  type  (power  vs.  natural  ventilation,  gable  vs. 
monoslope) ,  size,  orientation,  animal  density,  waste  removal  system, 
and  use  or  non-use  of  sprinkler  systems.  Farms  were  selected  to 
include  a  variety  of  building  and  waste  removal  types.  At  least  two  of 
each  building  type  (see  Table  1)  were  selected.  A  complete  description 
of  each  unit  is  included  in  Appendix  A. 

The  sampling  was  conducted  over  an  eight-month  period  from 
July,  1985  to  February,  1986,  Table  2.  Each  farm  was  sampled 
approximately  once  a  month.  Dust  particles  were  collected  on  a  37-mm 
membrane  filter  mounted  in  an  open  face  cassette  filter  holder.  Air 
was  drawn  through  the  filter  with  a  Sierra-Misco  Model  3000  constant 
flow  air  sampler.  The  flow  rate  ranged  from  36  to  72  liters  per 
minute.  The  sampler  was  placed  in  the  alley  in  a  central  location  in 
the  building.  The  cassette  was  positioned  at  a  height  of  1.5  m.  The 
length  of  the  sampling  time  varied  from  30  seconds  to  5  minutes 
depending  on  the  dust  concentration. 

Sample  Analysis 

Both  light  microscopy  (LM)  and  scanning  electron  microscopy  (SEM) 

were  utilized   to  evaluate   the  swine  dust  particles.   The  LM  was 
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Table  2.  Other  Pertinent  Data  Collected  During  Farm  Visits. 
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2.3* 

500 

C    N 

232 

1015 

19.7 

80  .7 

0  .0 

106 

.05 

20.6 

83  ■  1 

.16 

.16 

*.59 

0.5  3 

500 

1837 

2.2 

95.3 

C     X 

269 

1615 

16.7 

37.6 

2  .1 

2B5 

-17 

22.6 

51.1 

.1* 

.05 

9-91 

9.77 

800 

156 

2.3 

93-5 

C     N 

2  90 

1615 

2  2.6 

77.8 

3.3 

189 

.12 

20  .0 

66.8 

3-65 

2.20 

*.35 

*.23 

800 

720 

2-1 

93-7 

c    n 

3'b 

950 

8.9 

93-  ' 

1  .2 

76 

.16 

18.1 

75.1 

.00 

.05 

5.25 

5-09 

500 

2293 

2.1 

93-3 

c    1 

13 

1320 

6.7 

3C.8 

4.0 

209 

-37 

13-1 

•  2.5 

.15 

.16 

25.87 

25.49 

500 

11033 

2.1 

95-1 

C     P 

35 

1120 

3-9 

63-5 

3.9 

196 

.60 

13.3 

71. » 

.00 

.00 

38.16 

37.53 

750 

30632 

2.1 

94.4 

c    I 

63 

1  105 

10.0 

00  .6 

2  .5 

205 

.25 

17.* 

57.7 

.00 

.00 

27-17 

26  .92 

170 

26579 

2.1 

9*-2 

D     N 

291. 

1315 

32-2 

62.0 

«-5 

1*7 

.12 

32.5 

60.7 

1.  10 

1  .  10 

1.73 

1.61 

500 

322 

2.1 

96.6 

o    n 

232 

1310 

22.8 

77.8 

3-0 

'53 

-05 

22.  B 

75.7 

■23 

.23 

1  .6  1 

1.56 

500 

1321 

2.3 

94.  5 

0     M 

27  1 

1530 

16.1 

10  .9 

3-3 

22C 

.09 

16.5 

37.3 

.79 

.09 

*.7« 

».65 

25  0 

147  3 

2.4 

91.5 

D     M 

295 

:51a 

2*. 2 

59.1 

a.o 

166 

.06 

20.0 

58.1 

1.68 

1.1a 

5-28 

5.22 

500 

1506 

2.2 

95.6 

o    H 

316 

1010 

1 .1 

100.0 

4.1 

02 

.15 

6.1 

77.7 

.06 

.00 

19.27 

19-12 

100 

13560 

2.0 

9*-6 

D     H 

}M 

1030 

.0 

79.8 

6.5 

2  8 

.17 

20.3 

7  6.7 

.00 

,00 

25-68 

25.51- 

350 

D     H 

lb 

16  15 

10.6 

62.8 

2.2 

27  9 

.  17 

19-3 

59.6 

.00 

.00 

5-60 

5.*3 

T5G 

2034 

2.1 

9*-6 

D     N 

n 

1630 

-3.9 

55.0 

2.7 

66 

.26 

12.5 

*1.6 

.05 

.00 

27-15 

26.89 

330 

27  60  0 

2.2 

93.9 

1     R 

229 

1*30 

31-9 

60-3 

3.5 

160 

.  17 

31-1 

6*.* 

.16 

16 

-51 

■  3* 

378 

2.1 

96.6 

E     H 

260 

1500 

33.3 

5*.0 

7 .0 

200 

.37 

32-8 

57-9 

.77 

.30 

.36 

.00 

500 

3«3 

2.2 

95.5 

E     N 

297 

1*00 

23.9 

26.5 

2.* 

73 

.70 

26  .8 

42.* 

.12 

.06 

2.58 

1.89 

200 

677 

2.1 

93-  1 

E     N 

318 

1510 

1  .  1 

95.0 

4.* 

56 

.20 

15-2 

8:  .2 

.00 

.00 

1 .81 

*.6* 

100 

15*8 

2.2 

95-6 

E     1 

1520 

10.] 

"2.3 

1  .6 

106 

.21 

20  .7 

53-0 

.00 

.00 

1.56 

1.35 

300 

5939 

2.1 

952 

l    H 

55 

1110 

12.2 

■3." 

3* 

165 

.08 

18.  1 

55-6 

.15 

.00 

10.  1  • 

9.66 

500 

10778 

2.1 

95-5 

E     M 

77 

1510 

8.3 

97   .0 

5-3 

306 

.00 

11.1 

100.0 

.00 

.00 

6.18 

6.1* 

000 

2018 

2.5 

90.  1 

E     K 

91 

1015 

16.7 

»1  .9 

6.2 

00 

,*5 

22.3 

50.* 

.00 

.02 

1.50 

1.05 

66 

2457 

2.5 

90.3 

f     n 

I41U 

Jl.S 

51  .5 

2.9 

117 

.09 

31.0 

62.6 

.16 

.18 

1.01 

.93 

500 

211 

2.3 

95.6 

r     K 

239 

1530 

29." 

*7  .7 

3-5 

16* 

.12 

3  0.0 

52.7 

.  1 1 

.1  1 

.55 

.»3 

500 

267 

2.1 

95-5 

p    R 

271 

1000 

9* 

76.9 

2.7 

50 

.09 

IT  .6 

BO. 5 

.00 

.00 

5.70 

5.2* 

1200 

805 

2.5 

90.6 

P    H 

292 

1000 

10.6 

95  .0 

3-* 

178 

.2* 

17.0 

fll  .1 

.00 

.00 

».*3 

*.19 

500 

571 

2.3 

91.6 

P    1 

320 

1015 

2-6 

82  .7 

3-2 

285 

.1  1 

22.1 

82  .6 

.00 

.00 

7-92 

7.61 

500 

2468 

2.3 

93.3 

P    1 

}k| 

930 

-10.6 

7  1  .0 

1.7 

211 

.3* 

9-0 

70.6 

.00 

.00 

8.70 

8.37 

000 

7796 

2.0 

95.5 

F    N 

21 

1510 

5.0 

31.  9 

6.8 

300  : 

1.6  0 

15.8 

56-3 

.00 

.02 

12.35 

6.71 

167 

3174 

2.4 

91.2 

F    N 

42 

1  115 

-6.1 

67.0 

1  .» 

195 

.36 

13-3 

61  .6 

.00 

.00 

26.27 

25.89 

150 

36722 

2.0 

94.2 

G    N 

212 

950 

23.6 

93.2 

3." 

36 

.28 

2*. 3 

92.2 

.15 

.15 

2.09 

1  .81 

855 

2.0 

91.5 

C    H 

2*3 

1150 

S?-3 

1.0.7 

\  .0 

220 

.20 

31  .7 

*5.6 

.28 

.28 

0 .0* 

*  .20 

750 

106 

1.9 

95.6 

G     H 

27  1 

1150 

10.  6 

77.8 

2.6 

3* 

.20 

16.3 

72.7 

1.05 

.85 

2.6* 

2  .11 

500 

1250 

2.6 

90.9 

C    H 

292 

1220 

12.9 

87.5 

3-0 

110 

■37 

20.  1 

86.1 

.02 

.1  1 

1.78 

1.41 

600 

2B00 

2.4 

91.1 

G    H 

320 

1215 

T.2 

75.7 

3-* 

27  2 

.2* 

19." 

58.1 

.00 

.01 

10.76 

10.51 

200 

10615 

2.1 

93-4 

C    N 

3*8 

1310 

.a 

70.0 

5.2 

226 

.0  3 

19.0 

67.7 

.00 

.00 

11.31 

11  .27 

1700 

8064 

2.1 

92.7 

C    K 

21 

1  100 

7.2 

38-6 

5.7 

27  9 

1.28 

15.8 

38.2 

.02 

.02 

10. *5 

9.17 

1100 

5073 

2.4 

88.1 

S    N 

42 

1530 

-6.  1 

62.2 

"-* 

2*5 

■  *9 

15.3 

60.* 

.00 

.00 

12.67 

12.18 

700 

16651 

2.1 

91-0 

H    K 

212 

1*30 

27.8 

69.1 

3.6 

82 

.05 

27.9 

76.0 

.06 

.06 

.39 

.3* 

500 

210 

2.2 

96.4 

v.  n 

23* 

1  330 

I',  .9 

83.9 

2.8 

92 

.06 

26.9 

82  .6 

.13 

.13 

■  52 

."7 

500 

K    N 

262 

15*9 

29.1 

60.1 

6.0 

198 

.05 

26.9 

62.9 

1.50 

t.i3 

.90 

-89 

1000 

460 

2  .2 

95.6 

H    K 

i  a a 

1510 

23.9 

(i|.7 

3-9 

273 

.22 

25." 

t*  .  1 

.1* 

.  1  9 

2.01 

1.79 

500 

200 

2.8 

83-0 

H    It 

316 

1510 

7.2 

90.0 

2.6 

"9 

.07 

12.8 

65.2 

.13 

-13 

6.85 

6.78 

600 

H     H 

i* 

930 

) .  1 

72.3 

3-0 

32  8 

.09 

15.7 

61.9 

.00 

.00 

16.03 

15.93 

(00 

7  0  97 

2.1 

93-7 

H     M 

35 

1*00 

2.8 

85  .0 

2-5 

315 

.29 

10.6 

66.7 

.00 

.05 

10.66 

10.37 

300 

3264 

2-3 

90.9 

H     H 

63 

1*20 

16.7 

33.* 

2.5 

27  3 

.26 

21.1 

<*.6 

.00 

.00 

5.07 

4.62 

330 

4461 

2.2 

95.0 

I.   P 

210 

1620 

25.6 

65.8 

3.2 

IN* 

.37 

28.9 

62-9 

3.8* 

3.47 

500 

:   p 

27* 

10*0 

7.2 

78. 5 

2.9 

228 

.00 

25  -  1 

7  0.3 

.00 

.00 

9.86 

9.83 

500 

2231 

2  .5 

91 .0 

i   p 

29* 

1600 

21.7 

56.7 

3-6 

181 

.  13 

25.3 

56.6 

.08 

.06 

3-76 

3-63 

1000 

1011 

2.2 

•2.1 

!    P 

317 

1615 

I  -0 

95.0 

0  .2 

260 

.06 

23.9 

62.7 

.00 

.00 

15.12 

15.06 

1500 

11968 

2.0 

95.3 

I    F 

355 

'530 

(.6 

66.  7 

2.B 

225 

.05 

26.3 

66.3 

.00 

.00 

20.58 

20.53 

2200 

100  82 

2.1 

90  .  1 

:   f 

2* 

1530 

U.I 

33-3 

5.9 

316 

.00 

21.8 

06.3 

.00 

.00 

10.56 

10.1* 

1000 

7137 

2.0 

94  .5 

I   p 

56 

1030 

10.0 

62.1 

1.2 

172 

.  12 

21.1 

60.2 

.00 

.00 

12.21 

12.  10 

300 

9101 

2.0 

94.4 

i   p 

77 

1230 

10.0 

86.9 

5-2 

2*2 

-05 

22.2 

57.3 

.00 

.00 

7.92 

7.87 

300 

1207 

2.0 

91.5 
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Table   2    continued. 


ciy  lis* 

J 

2*3  1440 

271  1*50 

292  '510 

J-20  1530 

1*  1200 

12  1350 

64  1550 

76  1500 


10.7 
92.7 
82  .0 
(2.0 


2.8    235    2-52 


.  1        2!.«     l.«        60 

.3      63-0    a. 8    190 


38.1 
16.5 
20.3 
18.6 
17.2 


26.8 


VI 


■6 


■S 


.30      21.9      59. 


.33  2-03  '.87 

.01  2.28  2.28 

.03  2.B1  2.76 

.00  26.21  23-70 

.05  23.49  23.42 

.00  11.20  13-90    4000      9906 

.28  12.8*  12.66      433      3696 

.00  8.7*  8.70      225      9692 


C02 

t/lit 

H.d 

PP» 

urn 

5'2 

2.3 

200 

ll»l 

2.5 

700 

«*93 

2.3 

500 

10303 

2.1 

200 

1*083 

2.1 

2*6  1630 

267  1500 

29*  1*00 

317  1*50 

355  1330 

2*  1*10 

56  920 


33-9      19.0    *.!     171       .24      33-2      56-6       .06       .06 


22.2      53.5 


99 
3-6  181 
1-5    329 

3.1    217 

5.8    303 

.8    155 

5.0    225 


199 

1302 

12.9 

65.9 

3-9 

180 

21* 

11*3 

11.7 

729 

3-8 

201 

222 

]  127 

10.0 

69.6 

1.3 

112 

177 

127  1 

14.3 

63.5 

3.2 

180 

227 

1369 

12.9 

67.2 

4.3 

110 

168 

1*16 

17.2 

57.8 

1.2 

1  Ml 

217 

1201 

9.1 

66.5 

3.2 

188 

219 

1226 

11  .2 

68.2 

4  .0 

178 

178 

1981 

17.1 

67-3 

3." 

201 

201 

1399 

12.6 

68.1 

3.6 

222 

166 

i  Ml 

10.9 

58    1 

1.9 

172 

205 

13*3 

11.8 

61.7 

3-6 

210 

210 

1253 

12.2 

68.9 

3.9 

19* 

193 

1331 

13-3 

64.1 

3-9 

172 

58.6 
60.2 
79.6 
6*  .8 
58.5 
.10  18.1  71.5 
16       19.7      (2-9 

.30      21.2      64.1 


23.1 

M.J 

20.2 

63.  i 

19.9 

63.5 

'9-3 

6  1  .2 

22.3 

63.2 

19.5 

69.0 

20.2 

65.2 

2  1  .2 

68.0 

.19       21.1       6».l 


.62 


1.10      1.18 


.38      500       15*7    2-1    90.9 


03 

1.57 

l  .50 

600 

679 

2.4 

90.5 

00 

3-95 

3-72 

250 

00 

7.11 

7.28 

200 

2  9"') 

1*9 

9*. 5 

00 

1.36 

3-99 

500 

3*63 

2.1 

9*.6 

00 

5-38 

f-29 

1350 

3* 

2.3 

90.5 

00 

3.»9 

3.33 

309 

13 

2.1 

92-9 

-13 

B.13 

7.8* 

614 

551  i 

2-2 

93.3 

.03 

7-»3 

7.05 

47  4 

4577 

2-3 

91.9 

.0  1 

6.16 

5.99 

889 

3  87  5 

2.  1 

91.4 

■  3* 

1  *  .  T  5 

14.49 

565 

10507 

2  .  1 

91.2 

-3T 

U.38 

11.25 

410 

6  87  1 

2  .2 

91.5 

.07 

3-46 

3-13 

295 

1043 

2.2 

9*.0 

,01 

8.37 

7.69 

I9fl 

&50C 

2.2 

93-5 

.  18 

7  .02 

6.62 

793 

5679 

2.2 

92-2 

.21 

5.31 

5.17 

511 

26  lb 

2-3 

92.4 

.00 

10.19 

10-33 

96  3 

6677 

2.2 

93  ■» 

.09 

11.58 

11.16 

B9" 

6729 

2.3 

93-  1 

.03 

3-50 

3-33 

175 

2166 

2-3 

92.  i 

.02 

6.89 

6.57 

701 

111  i 

2.2 

93-0 

.19 

8.8* 

8.50 

565 

6019 

2.2 

93-1 

Nomenclature  of  Columns 


Farm 


Day 


Type  N  =  Naturally  ventilated  P  =  Power  ventilation 


To 

RHO 

Vo 

Dir 

Mo 

T.C 

Rhi 

Vh 

Vi 

Mg 


Date  of  visit  (Julian) 
Time  of  day 
Temperature  outside  degree  Celsius 

Relative  humidity  outside 
Wind  speed  outside 

Direction  of  wind,  degrees 
Mass  concentration  outside,  meters  per  sec. 

Temperature  inside,  Celsius 

Relative  humidity  inside 
Air  movement  inside  high,  1.5m,  meters/sec 
Air  movement  inside  low  .45m,  meters/sec 


6  Gross  mass  concentration,  mg/m 


Co 


New  mass  concentration  mg/m   (outside  mg/m  -Inside  mg/m  ) 


...Carbon  dioxide  parts  per  million 


med 
RF 


Number  density  of  particles,  number/liter  of  air 
Median  diameter  of  particles,  microns 


Respirable  fraction, 
counter) 


percent  (by  resistive  pulse  particle 
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fitted  with  a  Porton  reticule  disc  for  particle  sizing  and  counting. 
The  polarizer  in  the  LM  was  used  to  positively  identify  starch 
particles.  Other  particles  such  as  grain  meal  and  skin  were  also 
identified  with  the  LM  but  this  identification  was  limited  to  the 
particles  greater  than  5.4  microns.  The  SEM  was  used  to  provide 
identification  of  particles  as  small  as  .52  microns. 

With  the  SEM,  it  was  possible  to  view  objects  at  greater  than  a 
20.000X  magnification  ratio,  though  most  objects  could  be  easily 
identified  in  the  500X  to  2000X  range.  The  identification 
characteristics  were  size,  shape  and  surface  texture.  Surface  texture 
was  the  primary  identification  tool.  A  high  degree  of  accuracy  was 
attained  with  high  magnification  ratios. 

Dust  samples  on  glass  microscope  slides  (2.5  x  7.5  cm)  were 
prepared  according  to  the  NIOSH  method  7400  (NIOSH,  1984)  as  follows: 

1.  Glass  slides  and  cover  slips  were  cleaned. 

2.  A  Guth  type  flask  with  40  to  60  ml  of  acetone  was  stopped 
with  a  single  hole  rubber  stopper.  A  glass  tube  extended  5  to 
8  cm  into  the  flask.  The  top  portion  of  the  glass  tube  (8  to 
10  cm)  was  bent  downward  in  an  elbow  which  made  an  angle  of  20 
to  30  degrees  with  the  horizontal. 

3.  The  flask  was  placed  on  a  stirring  hot-plate  and  gently  heated 
to  boiling. 

4.  A  small  square  (5x5  mm)  was  cut  from  the  membrane  filter 
with  a  steel  curved-blade  surgical  knife  using  a  rocking 
motion  to  prevent  tearing. 
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5.  Using  tweezers,  the  filter  square  was  placed  dust  side  up  on 
the  slide. 

6.  The  glass  slide  supporting  the  filter  was  held  1  to  2  cm  from 
the  glass  tube  port  where  the  acetone  vapor  was  escaping.  The 
filter  cleared  in  2  to  5  seconds  and  was  removed  from  the 
vapor  stream. 

7.  A  glass  tube  was  used  to  place  1  to  2  drops  of  Triacitin  on 
the  filter.  A  clean  5mm  round  cover  slip  was  placed  on 
the  filter. 

8.  The  edges  were  glued  with  Permount  mounting  fluid  using  a 
glass  rod. 

Sichel's  technique  of  truncated  multiple  traversing  for  analyzing 
particulates  (Silverman  et  al.  1971)  was  used  to  size  and  count  the 
particles.  Identification  was  accomplished  by  comparing  particles  to 
known  samples  prepared  in  the  laboratory,  a  picture  atlas  of  known 
particles  (McCrone  and  Delly,  1973)  and  photos  from  Hoseney  et  al. 
(1974).  The  prepared  known  samples  included  corn,  grain  sorghum, 
wheat,  pig  feces,  soil  and,  pig  epidermal  skin  flakes.  With  the 
exception  of  the  skin,  the  samples  were  prepared  by: 

1)  grinding  to  a  fine  powder  using  a  mortar  and  pedestal, 

2)  placing  sample  in  35mm  film  container, 

3)  positioning  the  sampling  unit  with  the  cassette  directly  below 
the  bottom  of  the  tube  of  the  Modified  Martin  drop  tester  (Heber 
et  al.  1986), 

4)  placing  sample   in  top  of  drop   tester.   Placing  the  film 

15 


container  in  bottom  of  drop  tester  (bottom  gate  of  drop  tester 
is  secured  open), 

5)  dropping  sample  and  after  15  to  30  seconds  removing  bottom  film 
container, 

6)  turning  sampler  on  for  15  to  30  seconds  as  fine  particles  slowly 
settled  down  and  out  of  tube,  and 

7)  mounting  samples  for  LM  and  SEM  using  same  methods  as  for  the 
farm  samples.  The  skin  was  collected  from  a  sow  that  had  just 
received  a  bath.  A  blunt  scraper  was  used  to  scrape  off  skin 
cells  which  were  then  tapped  off  the  scraper  on  to  the  face  of 
the  membrane  filter  in  a  cassette. 

The  particulates  were  then  analyzed  with  a  Zeiss  Polarizing  Phase 
Contrast  microscope  which  was  fitted  with  a  Porton  reticule  (Graticules 
Ltd.,  Tonbridge  Kent,  England).  The  eyepiece  reticule  was  calibrated 
with  a  stage  micrometer  (BGI  Inc.,  Waltham  Mass.)  according  to  NIOSH 
Standards  (NIOSH,  1984). 

Samples  were  prepared  for  SEM  according  to  the  following 
procedure: 

1.  A  5  x  5  mm  square  was  cut  from  the  membrane  filter  using  a 
scalpel  with  a  rocking  motion, 

2.  using  tweezers,   the  square  was  placed  onto  a  clean  SEM  stud 
which  had  a  piece  of  double  sided  laboratory  tape  on  it, 

3.  Excess  tape  was  trimmed  and  a  dab  of  silver  paste  was  placed 
on  one  edge  to  increase  conductance  during  sputtering,  and 

4.  The  stubs  were  sputtered  with  an  Edwards  S150  sputter  coater 
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and  a  gold  target. 
The  SEM  analysis  was  performed  by  placing  a  transparency  with  a 
Porton  reticule  over  the  SEM  viewing  screen.  Each  SEM  stub  was  scanned 
at  500X  before  arbitrarily  selecting  two  sites  for  viewing  at  1000X. 
Each  particle  in  the  field  was  sized  and  identified  using  the  zoom-in 
feature  and  Porton  reticule.  Finally,  a  third  field  was  selected  and 
photographed.  It  must  be  noted  that  the  selection  of  fields  was 
slightly  biased  (SEM  only).  After  scanning  the  stub  to  note  the 
relative  density  of  particulates,  fields  of  the  following  types  were 
avoided  when: 

A)  particles  were  crowded  and  lying  on  top  of  each  other. 

B)  The  field  was  empty,  and 

C)  When  one  or  two  large  particles  occupied  the  entire  field. 

Several  biases  were  created  by  this  selection  process. 

1.  The  count  was   reduced  when  medium  density  fields  were 
preferred  on  high  density  stubs. 

2.  The  count  was  increased  when  high  density  fields  were 
preferred  on  low  density  stubs. 

3.  The  particle  counts  in  the  larger  size  ranges  were  decreased 
as  the  largest  particles  were  intentionally  avoided. 

These  biases  affected  the  overall  size  distribution  especially  in 
the  larger  size  ranges. 
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Results  and  Discussion 
The  Quantitative  and  Qualitative  Analysis 

The  swine  confinement  airborne  particulates  were  found  to  be 

diverse  in  size  and  shape,  a  finding  in  agreement  with  others  (Donham 
1986).  The  identified  particles  included  the  following: 

1.  grain  meal 

2.  starch 

3.  skin 

4.  pollen 

5.  insect  parts  and  spider  webs 

Light  Microscopic  Analysis 

Sixty-six  percent  of  the  particles  larger  than  5.4  microns  in 
diameter  and  identified  with  light  microscopy  (LM)  were  of  grain  meal 
origin  and  fifteen  percent  were  starch  (Table  3).  The  combined 
total,  or  the  feed  component,  comprised  a  total  of  81  percent  of  the 
particles  greater  than  5.4  microns.  Donham  et  al .  (1986)  also  found 
that  feed  made  up  the  largest  proportion  of  the  particles  identified 
in  swine  confinement  finishing  buildings. 

Only  1  percent  skin  particles  were  identified  (Table  3).  Those 
that  were  identified  were  mostly  confined  to  the  size  classes  above 
15.3  microns.  Because  of  this  very  low  incidence  and  the  large  size  of 
skin  particles,  one  might  postulate  that  their  larger  size  does  not 
allow  them  to  remain  airborne  for  extended  periods  of  time. 
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Tabic   3. 


2.7- 
3.8 


3.B- 
5.4 


OVERALL   SUMMARY 

SIZE  CLASSES.   MICROS 

5.4-   |      7.6-   |    10.8-   |    15.3-  |    21.6- 

7-6      |    10.1      |    15.3      |    21.8  |    30. 5 


TOTAL    |    AVO  f 
I      All      |    >5.4 
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1S.1    | 
67.0    | 


10.4 
7i.3    | 


B.O  | 

•6.1  | 

1.1  | 

1.4  ( 
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21.2  | 
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4.1  | 
96.6    | 
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»■'  I 
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0.3  | 

0.2  | 
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Table   h. 


5.4       | 


SIZE 
5.4-    |      7.6- 

7.6      |    10.9 


MICRONS 
B.6-    |    15.3- 
1.1      |    21.6 


21.6-    |      >30.    |   TOTAL 


I  Total    Ooun* 

|Awa 

|Avb  Cun  Panoant 
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|Avg  %  Qnn  Maal 
|        Stand  Dav 
|Avo.  \  Faad 
[        Stand  Dav 
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52.0 
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134.0    | 
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79.3    | 

2.3    | 

I 
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Table    5. 

am  |  a 

JWMARY 

i 

SIZE 

CLASSES.   MICROS 

1 

<2.7 

2.7- 

3.6- 

5.4-   | 

7.8-   | 

10.9- 

15.3- 

21.6- 

>30. 

|    TOTAL 

TOT  B 

AVO  *   | 

|         VARIABLE 

3.8 

5.4 
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15. 3 

21.6 
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2.9 
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|Ajw  aya  Par  cant 

SI  .9 

17.1 

11.8 
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0.2 
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1.0 

0.1 
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0.0 
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0.5 

| 
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0.0 
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4.0 

0.8 
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B.O    | 
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0.5 
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I 
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Table   6. 


FARM  C  SUMMARY 


SIZE  CLASSES.    MICRONS 

2.7- 

3.9- 

5.4- 

7.6-    | 

10.9- 

15.3- 

21.6- 

>». 

|   TOTAL 

TOT  B 

AVG   %     ' 

3.8 

5.4 

7.6 

10.6      | 

15.3 

21.6 

30.5 

|      All 
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>5o.    | 

|  Total   Caatt 

9S3.0 

214.0 

156.0 

158.5 

130.0    | 

99.5 

SO  .4 

17.7 

T.6 

|Avi  aga  Paroant 
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12.6 
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9.4 
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50.8 

83. 3 

72.4 
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1.9 
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0.0 
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f 
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~* 
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Tabic   7. 
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SIZE  CLASSES 
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3.6- 
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7.6 
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FARM  G  SUMMARY 
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r.ibu-   l  1. 


|         VARIABLE 

<2.7          |      2.7-    |      3.6- 
|      3.6      |      5.4 

SIZE  CLASSES.   MICRONS 
5.4-   |      7.6-    |    10.6-   |    15.3-    !    21.6-    I      >».    |   TOTAL    1    TOT  t 
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6.1 
0.5 
67.4 
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SIZE  CLASSES.   MICRONS 
3.6-   |      5.4-   |      7-6-    |    10.6-    |    15.3-    |    21.6-    |      >30.    |    TOTAL 
5.4      |      T.6      |    10.6      |    15.3      |    21.6      |    30.5      |                 |      All 
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M2.1    | 

1      13-1    1 
1         1-0   1 
1      ™.1    | 
1      68.:    | 

|l  araaa   Raaplrafc- 

a  Fractlor 

- 

77. 7  PVroant 

Table    13. 

FARM  J   S 

unwary 

SIZE  CLASSES.   MICRONS 

<2.7 

2.7- 

3.8- 

I      ■.*> 

7.6- 

10.6- 

15.3- 

21.5- 

>30. 

I    TOTAL 

TOT  B 

AVG  X    | 

|         VARIABLE 

3.8 

5.4 

I      7-6 

10.6 

15.3 

21.6 

30.5 

|       All 

>5.4um 

>5.4um    | 

(Total   Count 

5SB.0 

265.0 

204.0 

|    133.0 

106.5 

79.0 

55.1 

42.6 

0.0 

iia87.: 

419.2 
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40.6 

17.2 

14.2 

|        8.6 

7.3 

5.2 

3.9 

3-D 

0.0 

1 

(Avg  C*#"   Par  cant 

40.5 

57.6 

72.0 

|      60.6 

67.8 

93.1 

97.0 

100.0 

100.0 

1 

|        Stand  Dav 

7.5 

2.9 

4.7 

1        2.4 

1.6 

1.9 

2.5 

2.1 

0.0 

1 
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1         4.7 

7.6 

6.9 

5.4 

3.6 

0.0 

1 

I        Stand  Oav 

1        2-3 

3.5 

4.1 

4.6 

4.7 

0.0 

1 

|Avg  X  Skin 

|        0.0 

0.0 

0.0 

0.0 

0.3 

0.6 

1 

|        Stand  Dav 

I       0.0 

0.0 
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0.0 
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1 
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|        0.2 

0.6 

3.1 

3.9 

2.7 
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1 

11.2    | 
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|        0.6 

1.7 

1.9 

2.9 

1.2 

1 
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|        4.6 

6.6 

10.0 

9.3 

6.5 

0.5 

1 

39.6    | 
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1        2.3 

3.6 

4.4 
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5.6 

1.5 

t 
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Parwn 

Table    14. 


FARM  K  SUMMARY 


SIZE  CLASSES.   MICRONS 

<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOT  8 

AVG  X   | 

|         VARIABLE 

3.6 

5.4 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>5.4um 

>5.4um    | 

| Total   Ltxn- 

654. 0 
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148.5 
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12.4 

2.5 
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The  respirable  fraction  (percent  smaller  than  5.4  microns)  of  the 
airborne  particles  was  over  78  percent.  This  is  slightly  lower  than 
the  results  obtained  by  a  resistive  pulse  particle  sizer  to  analyze 
size  distribution  for  the  same  study  (Stroik  and  Heber,  1986).  The 
greater  incidence  of  respirable  particles  measured  by  the  resistive 
pulse  particle  sizer  was  most  likely  a  result  of  smaller  particles 
being  counted  and  also  the  deagglomerations  of  some  of  the  larger 
aggregates  in  the  electrolyte  in  which  the  particles  were  suspended  for 
counting. 

It  is  interesting  to  note  that  there  was  relatively  little 
variation  in  the  Average  Respirable  Fraction  (ARF)  between  farms.  The 
lowest  ARF  was  72.0  percent  from  Farm  J  and  the  highest  was  83.7  from 
Farm  H  (Tables  4-14). 

Scanning  Electron  Microscope  Analysis 

The  particles  identified  with  the  SEM  ranged  from  1  micron  to 
approximately  30  microns.  Shape  and  surface  texture  were  the  primary 
basis  for  identifications.  Starch  particles  were  round  or  polygonal 
and  relatively  smooth.  Grain  meal  particles  were  large,  irregular  and 
plated  or  layered  on  their  surface.  Skin  was  flat  with  smooth  to 
slight  but  regular  pitting.  Many  skin  particles  were  also  folded  near 
the  edges. 

Interestingly,  the  SEM  percentages  of  identified  components 
paralleled  the  LM  analysis.  Grain  meal  made  up  65  percent  of  both  the 
SEM  particles  (Table  15  and  Figure  1)  and  of  the  LM  (Table  3).   Starch 
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Table    15. 


summary 
origin  amd  morphology  by  farm  visit 


VISIT  n 

VISIT  1 
VISIT  2 
VjSIT  3 
VISIT  4 
VISIT  5 
VISIT  6 
VISIT  7 
VISIT  e 


TYPE 
SKIN 


21 
19 

19 
29 
37 
26 

17 
38 


48 
70 
124 
194 
137 
1  17 
94 
204 


SHAPE 
IRREO  ROUND  CYLND 


17 
24 
26 

39 
20 
36 
20 
65 


OVERALL  TOTAL  = 


SIZE  DISTRIBUTION  FOR  ALL  VISITS 


|   SIZE  MICRONS   |  STARCH   SKIN    MEAL  |  IRREG  RCOND  CYLND 


|  TOTAL 
|  %  TOTAL 
|  *  FEED  - 


|  <  1.6B 

0 

0 

0 

23 

0 

0 

|  1.68  -  2.1 

1 

0 

24 

76 

14 

3 

|  2.1  -  3.36 

3 

0 

118 

66 

29 

3 

|  3.36-4.2 

13 

0 

131 

34 

7 

4 

|  4.2  -  6.72 

52 

1 

252 

21 

3 

2 

|  6.72  -  8.4 

54 

0 

146 

7 

0 

2 

|  8.4  -  10.3 

30 

0 

114 

4 

0 

3 

|  10.3  -  20.0 

29 

5 

123 

5 

0 

1 

|  >  20.0 

24 

10 

80 

1 

0 

0 
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also  made  up  14  percent  for  both  methods.  The  correlation  coefficient 
between  the  two  methods  for  individual  samples,  however,  was  low.  The 
low  correlation  coefficient  was  probably  due  to  the  lower  particle 
counts  per  sample  (average  =  20)  and  non-standard  method  used  with  the 
SEM.  Skin  was  found  to  make  up  1  percent  of  the  particles  for  both 
methods. 

The  SEM  analysis  covered  a  smaller  range  of  size  than  the  LM, 
Figure  2.  The  difference  on  the  lower  end  of  the  scale  can  be 
explained  by  differences  in  the  capabilities  of  the  two  methods.  The 
LM  method  was  limited  because  of  the  relatively  low  magnification  ratio 
of  160X.  Particles  below  3.8  microns  were  difficult  to  identify. 
Particles  in  the  smallest  size  class  (less  then  2.1)  were  counted  and 
included  in  the  size  distribution.  It  is  likely  that  any  particles 
smaller  than  1  micron  were  not  visible  at  160X.  The  SEM  was  used  to 
provide  a  better  analysis  of  particles  smaller  than  20  microns.  When 
using  the  SEM,  an  interesting  phenomenon  was  found  when  examining  the 
blank  filters.  The  surface  structure  could  be  clearly  seen  at  2000X. 
The  surface  appeared  to  look  spongelike  and  the  surface  pore  size 
varied  greatly.  The  larger  pores  were  up  to  3  microns  across.  This 
made  it  possible  for  smaller  particles  to  be  trapped  just  below  the 
surface.  Once  in  this  position  combined  with  the  irregular  surface 
texture,  many  particles  smaller  than  1.5  microns  were  difficult  to 
distinguish  from  the  membrane  filter  surface. 

A  similar  study  (Donham  et  al.  1986)  found  that  feed  and  fecal 
material  made  up  the  major  component  of  particles  identified.  The 
fecal  materials  included  bacteria,   gut  epithelial  cells  and  undigested 
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feed.  Perhaps  in  this  study,  the  feed  that  was  identified  may  have 
been  undigested  feed,  and  some  of  the  skin  particles  may  have  been  gut 
epithelial  cells  both  of  fecal  origin. 
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Conclusions 


Analysis  by  light  microscopy  and  scanning  electron  microscopy 
revealed  the  airborne  swine  house  particules  to  be  diverse  in  both 
shape  and  size.  Particles  identified  included,  grain  meal,  starch, 
skin,  pollen,  insect  parts  and  spider  webs  (Figure  3).  The  size 
distributions  were  linear  on  a  log-probability  scale  (Figure  2). 
Seventy-nine  percent  of  the  particles  were  feed  by  LM  analysis  and 
also  the  SEM  analysis  (Table  123  and  135).  The  feed  component  was 
divided  into  starch  and  non-starch  or  grain  meal  components.  Grain 
meal  was  65  percent  by  SEM  and  66  percent  by  LM.  Starch  was  found  to 
be  15  percent  by  LM.  Feed  particles  made  up  the  greatest  percentage  of 
the  swine  finishing  house  airborne  particles,  a  finding  similar  to 
those  of  others  (Donham  et  al.  (1986);  Chiba  et  al.  (1986);  Curtis  et 
al.  (1975);  Honey  and  Mcquitty  (1979);  and  Hovmand  and  Slot  (1968)). 
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Appendex  A 
Supplemental  Information  on  Sampled  Finishing  Units 


The  following  is  a  complete  description  of  each  swine  finishing 
unit  sampled  in  the  survey.  Only  one  building  per  farm  was  selected. 
The  management  practices  were  described  as  follows: 

Excellent  -  Unit  always  very  clean  and  well  maintained 
Good  -  Unit  usually  clean  and  adequately  maintained 
Fair  -  Unit  sometimes  dirty,  maintained  at  minimum  level 
Poor  -  Unit  always  dirty  and  minimally  maintained 

In  all  cases  MOF  buildings  had  manually  operated  doors  in  the  back 
sidewall.  Automatic  augers  and  sprinklers  were  controlled  by  a  timer 
and  automatic  curtains  were  controlled  by  a  thermostat. 

Farm  A:  Humbolt  Haven.  Located  15  miles  S.  E.  of  Junction  City  in 
Geary  County.  Management  practices  were  good.  Augers  and  sprinklers 
were  automatic.  Located  30  feet  East  was  a  nursery.  Located  30  feet 
North  was  a  farrowing  house.  No  other  buildings  in  general  vicinity. 

Farm  B:  F  and  R  Swine.  Located  16  miles  S.  E.  of  Junction  City  in 
Geary  County.  Management  practices  were  good.  Augers  were  automatic. 
The  building  was  over  900  feet  long  and  partitioned  into  3  equal 
sections.  The  area  sampled  was  located  on  the  South  end.  Located  East 
were  two  other  equal  sized  buildings  running  parallel  and  spaced  about 
30  feet  apart.  South  100  feet  was  a  machine  shed.  Beyond  that  shed 
were  a  variety  of  other  pig  units  and  residences. 
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Farm  C:  Owner,  Guy  McDiffit.  Located  3  miles  West  of  Alma  In 
Wabaunsee  County.  Management  practices  were  poor.  The  eight  year  old 
unit  had  never  been  cleaned.  Settled  dust  was  thick  and  cobwebs  were  a 
problem  in  cold  weather.  Augers  were  manual,  sprinklers  and  front 
curtain  were  automatic.  Located  South  40  feet  was  a  farrowing/nursery 
unit  of  similar  size.  A  machine  shed  was  located  15  feet  West  and 
extended  50  feet  South.  A  loading  ramp  was  attached  to  the  West  end  of 
the  sampled  unit  and  extended  behind  the  machine  shed. 

Farm  D:  Spring  Creek  Hogs,  Inc.  Located  4  miles  East  of  Paxico  in 
Wabaunsee  County.  Management  practices  were  fair.  Augers  and 
sprinklers  were  manual.  Sprinklers  ran  continuously  when  in  use  and 
the  front  curtain  was  automatic.  In  January  there  was  a  large  gap  in 
the  West  end  of  the  curtain  (was  never  fixed).  Thereafter,  the  West 
end  of  the  building  was  much  cooler  then  the  East  end.  Located  35  feet 
North  and  running  parallel  was  a  similar  unit.  Beyond  that  unit  35 
feet  was  another  unit.  All  units  were  set  into  the  South  slope  of  a 
hill. 

Farm  E:  Owner,  Dave  Carnahan.  Located  1  mile  West  of  Wamego  in 
Pottawatomie  County.  Management  practices  were  good.  Augers  and 
sprinklers  were  automatic.  The  front  of  the  building  had  fold  down 
panels  that  were  manually  operated.  The  unit  was  partitioned  into  3 
equal  rooms  with  the  aisle  open.  Sampling  was  performed  in  the  center 
section.  Air  temperature  and  relative  humidity  were  measured  at  the 
center   of   each   room.    Located  East  40  feet   was   a   small 
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farrowing/nursery  unit  which  ran  North  to  South. 

Farm  F:  Owner,  Roy  Henry.  Located  2  miles  North  of  Longford  in 
Clay  County.  Management  practices  were  excellent.  The  unit  was  power 
washed  between  groups  of  pigs.  Auger  and  front  curtain  were  automatic. 
Located  North  25  feet  and  running  parallel  was  a  complex  of  3 
connecting  units.  A  runway  at  the  center  of  the  unit  connected  the 
sampled  unit  to  the  complex.  Located  East  30  feet  were  3  units  spaced 
15  feet  apart  from  each  other.  The  center  unit  being  in  line  with  the 
sampled  unit.  Located  S.E.  40  feet  was  a  small  hay  shed. 

Farm  G:  Owner,  Fred  Heigle.  Located  3  miles  East  of  Longford  in 
Clay  County.  Management  practices  were  fair.  Augers  and  front  doors 
were  manual.  Located  30  feet  West  was  a  farrowing/nursery  unit  running 
North  to  South.  North  50  feet  was  a  small  shed.  Other  assorted  farm 
buildings  were  located  North  of  this  shed. 

Farm  H:  Owner,  Vinton  Vissor.  Located  3  miles  East  of  Riley  in 
Riley  County.  Management  practices  were  good.  Augers  and  front 
curtain  were  automatic.  Located  60  feet  South  and  running  parallel  was 
a  unit  of  similar  size.  Located  200  feet  beyond  that  unit  was  the 
farmstead  and  assorted  buildings. 

Farm  I:  Owner,  Hayes  Beck.  Located  10  miles  South  of  Junction 
City  in  Geary  County.  Management  practices  were  poor  until  Beck  bought 
the  unit  in  August  and  management  then  steadily  improved.   The  unit  was 
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in  two  parts  joined  by  a  small  hall.  The  section  sampled  was  on  the 
North.  It  was  divided  into  3  pens  with  no  aisle.  Sampler  was  placed 
in  the  hall.  Pit  fans  and  an  open  door  on  the  North  were  the  only 
source  of  ventilation.  Initially  the  fans  were  set  at  a  low  rate. 
Beck  adjusted  the  fans  for  maximum  airflow  to  improve  ventilation. 
Located  50  feet  Southwest  was  a  small  barn.  75  feet  Southeast  was  a 
house. 

Farm  J:  Owner,  Bruce  Wolf.  Located  2  miles  South  of  Longford  in 
Dickinson  County.  Management  practices  were  good.  Augers  and  front 
doors  were  manual.  Located  30  feet  Southeast  was  a  farrowing/nursery 
unit  which  ran  North  to  South. 

Farm  K:  Owner,  Hayes  Beck.  Located  9  miles  South  of  Junction  City 
in  Geary  County.  Management  practices  were  excellent.  The  unit  was 
used  to  raise  purebred  breeding  stock.  Aisles  were  swept  daily  and 
pens  scraped  often.  Pigs  were  hand  fed  twice  daily.  The  unit  was 
partitioned  into  3  sections.  The  North  room  was  sampled.  Located  West 
30  feet  was  a  line  of  trees.   South  50  feet  was  a  wooded  area. 
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Table   16. 


SIZE   CLASSES. 


<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.  B- 

15.3- 

11.  t- 

>30. 

TOTAL 

TOTAL 

AVG   \ 

VARIABLE 

3.B 

9.4 

7.6 

10. B 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

«/Tr-«^K^» 

63.00 

25.00 

14.00 

15.00 

14.00 

3.33 

2.20 

2.40 

0.60 

140 

3B 

Overall   % 

45.1 

17.fi 

10.0 

10.7 

10.0 

2.4 

1.6 

1.7 

0.6 

Cumu1afv»  X 

45.1 

63. C 

73.0 

63.7 

93  .  e 

96.1 

97.7 

99.1 

100.0 

Starch  B/T 

0.00 

0.00 

0.00 

2.00 

1.00 

0.33 

0.60 

0.40 

0.60 

*    (>5.4   um) 

5.3 

2.7 

0.9 

1.6 

1 .1 

1.6 

13.1 

Skin  B/T 

0.00 

0.00 

0.00 

0.00 

2.00 

0.00 

0.20 

0.00 

0.00 

*    (>5.4   um) 

0.0 

5.3 

0.0 

0.5 

0.0 

0.0 

5.1 

Grain   **a"    B/T 

0.00 

0.00 

O.OO 

2.00 

3.00 

1.33 

1.00 

1.60 

0.00 

%    (>5.4   um) 

5.3 

B.O 

3.5 

2.7 

4.2 

0.0 

23.7 

FW  V>5.4   um) 

10.6 

10.6 

4.4 

4.2 

5.3 

1.6 

36.7 

i    AMOirabl*  Fraction  ■ 


Table   17. 


SHE  CLASSES.   MXQMM 


|    <!.7      |      2.7-   |      3.B-    |      5.4- 
VARIAGLE          |                 j      3.B      |      5.4      |      7.6 

7.6- 
10.1 

10. 6-    |    15.3-    |    21.6-    |      >30.    |    TOTAL    |   TOTAL    1    AVG  \ 
15.3      |   21.6      |   30.5      [                 [      All      |    >S.A      |    >5.4 

B/Travarsa               |    65.00    |    23.00    |    14.00    |    13.00 
Overall   \          |      43.7    |      15.2    |        9.3    |        6.6 
Cumulative  %   j      43.7    |      56.9    I      66.2    )      T6.B 
Search  b/T               |      0.00    |      0.00    |      0.00    |      0.00 
%  (>5.4  um)    1                 |                 |                 |        0.0 
Skin  B/T                   |      0.00    |      0.00    |      0.00    \      0.00 
\  (>5.4   um)    |                 |                 |                 j        0.0 

Gralr    Maal    6/T       |       0.00     |        O.OO     |       0.00     |        0.00 

\   (>5.4  um)    |                 |                 |                 |        0.0 

FaM  *(>!-*   um)    |                   |                   |                   |         0.0 

14.00 
9.3 

66.1 

0.00 
0.0 

0.00 
0.0 

1.00 
2.1 
2.1 

11.00    |      5.00   j      3.30    |      1.75    1         151    |          46    1 
7.3    |        3.3    |        2.2    |        1.2    |                 |                 | 
S3. 3    |      66. 7    |      96.6    |    100.0    |                 ; 
1.00    |       1.00    j       0.33    |      0.B6    |                   |                   | 

2.1  |        2.1    I        0.7    |        1.4    |                 |                 |        6.2 
0.00    |      0.00    |      0.00    j      0.00    |                 |                 1 

0.0    |        0.0    1        0.0    |        0.0    |                 |                 |        0.0 
2.00    |      3.00    |      1.66    |      1.66    |                 i                 1 

4.2  |        6.2    |        3.5    |        3.5    |                 |                 |      19.4 
6.2    |        6.3    !        4.1    |        4.B    |                 |                 j      25.6 

|     Rmr-BD'n    Fr«e 

tlon. 

6B.2   Par-cant 

Table   18. 

VISIT  A-3 

I                                                                                                      SIZE  CLASSES.   MICRONS                                                                                                   1 

<2.7 

2.7- 

3.6-   | 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>». 

TOTAL 

TOTAL 

AVG  X    | 

VARIABLE 

3.B 

5.4      | 

7.6 

io. a 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4      | 

a/7ravr— 

64.00 

21.00 

13.00    I 

10.00 

IB. 00 

3.67 

1.2S 

1.33 

0.A4 

133 

35 

Overall   % 

48. 2 

15.6 

9.6 

7.5 

13.6 

2.6 

0.9 

1.0 

0.3 

1 

Cumulative  X 

46.2 

64.1 

73.9 

61.4 

95.0 

97.7 

96.7 

99.7 

10C.C 

I 

Starch  B/T 

0.00 

0.00 

0.00 

0.00 

2.00 

0.30 

0.13 

0.00 

0.00 

1 

*  (>5.i   um) 

0.0 

5.B 

0.9 

0.4 

0.0 

0.0 

7.0    | 

Skin  B/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.22 

[ 

X    (>5.4   um) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.6    | 

Gram  Maal    B/T 

0.00 

0.00 

0.00 

1.00 

7.00 

0.30 

0.75 

1.20 

0.33 

1 

%  (>5.4  um) 

2.9 

20.2 

O.fi 

2.2 

3.5 

1.0 

30. S    | 

Feed  \(>5.*  um) 

2.9 

25.9 

1.7 

2.5 

3.5 

1.0 

37.5    ; 

|    Pwdrabla   Fraci 

1on  ■ 

73.9  Aaroant 

I 

Table    19. 

VISIT    A-4 

SIZE  CLASSES.    MICRONS                                                                                                               1 

3.8- 

7.6- 

10.  B- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  x  : 

|               VARIABLE 

3.6 

5.4 

7.6 

io. a 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4        ■ 

!Ar,vtrM 

75.00 

21.00 

12.00 

7.00 

7.00 

6.50 

2.00 

0.63 

0.13 

131 

23 

Overall    X 

57.1 

16.0 

a.i 

5.3 

5.3 

5.0 

1.5 

0.5 

0.1 

1 

Cumjlativw  \ 

57.1 

73.1 

82.3 

B7.6 

93.0 

97.9 

99.4 

99.9 

100.0 

! 

0.00 

O.OO 

0.00 

0.00 

0.00 

0.50 

1.00 

0.00 

0.00 

|             X   <>5.4   um) 

0.0 

0.0 

2.2 

4.3 

0.0 

0.0 

6.5    | 

0.00 

0.OQ 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0    | 

1    Gram   Maal    0/7 

0.00 

0.00 

0.00 

0.00 

2.00 

3.00 

0.60 

0.60 

0.20 

0.0 

6.6 

12.9 

2.6 

2.6 

0.9 

27.5    ' 

1    FaaC   \    -:.    t    um) 

0.0 

6.6 

15.1 

6.8 

2.6 

0.9 

3a. C    ! 

haaD'raBla   :raet1ar   ■ 
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Table   20. 


'AR1ABLE 


2.7-    |      3.8-    |      5.*-    |      7.6-   |    10.8- 
3.B       i       5.4       J      7. 6      |    10.8      |    15.3 


|     15.3-    |    21.6-    |       >30.     ]    TOTAL    |    TOTAL    |    AVG  X 
|    21. 6      |    30.5      |  |      All      |    >5.A      I    >5.4 


.-.*■-.■    X 
CXJfijl«t->v«  X 
S«r-eh   1/T 

\    (>5.4   um) 
Skin    8/T 

*    C>5.4   un) 
&*#1n    MmI    8/T 

\    (>5.4   u>) 
FMd   VS. 4    urn) 


75.00    |  21.00 

54.3    |  15.2 

54.3    |  69.6 

0.00    |  0.00 

I 

0.00    1  0.00 


18.00    I  12.00   | 

13.0    I  9.7    | 

82.6    |  81.3    | 

0.00    |  1.00    I 

I  4.2    I 

0.00    |  0.00    I 

I  0.0    1 

0.00    I  0.00    I 

I  o.o  I 

I  4.2    I 


6.00  | 

4.3  | 

95.6  | 

0.50  i 

2.1  I 
0.00  I 

0.0  | 

1.00  | 

4.2  | 

6.:  I 


3.25  | 

2.4  | 

9B.0  | 

0.00  1 

0.0  1 

0.00  | 

0.0  | 

2.00  | 

8.3  | 

8.3  ' 


1.11  1  0.22  1 
0.6  I  0.2  | 
99. B    |    100.0    I 


0.66  | 

2-7  | 

0.00  1 

0.0  I 

0.66  | 

2-7  | 

5.5 


0.11  | 
0.5    | 

0.00  | 
0.0    | 

0.11  I 
0.5    | 


11.8    | 
0.6     | 


r  Pf»<rclar'   ■ 


Table   21. 


SIZE  CLASSES.    MICRONS 


|      3.8- 
I      5.4 


5.4-    I      7.6-    |    10.8-    |    15.3-    |    21.6-   | 
7.6      I    10. 8      |    15.3      |    21.6      |    30.5      | 


>M.    |    TOTAL    |    TOTAL    |    AVG  * 
|      All 


8/Ti 

CMnOI  * 

Cunulafv*  * 
St«reh  8/T 
X   (>5.4 

Skin    8/T 


1100.00    I 
I      56.4    I 


)  I 


28.00    | 
16.3    | 

74.7  | 
0.00  | 
I 


18.00  | 

10.5  | 

85.2  | 

0.00  I 


\  (>5.4  um)  I 

In   MmI    a/T  I 

\    (>5.4    urn)  I 

I   V'5.*    uml  1 


0.00    |      0.00    \      0.00    | 
I  I  I 

0.00    |      0.00    I      0.00    ! 


10.00  I 

5-B  | 

91.1  1 

1.00  | 

4.0  I 

0.00  I 

0.0  I 

1.00  I 

4.0  I 

7.1  I 


1.50    I 
5.9    I 

0.00   | 


4.67  [ 

2.7  | 

97.6  | 

3.00  | 

11.9  I 

0.00  I 

0.0  | 

1.67  | 

6.6  | 

til  | 


2.75  | 

1.1  | 

99. 2  | 

0.50  | 

2.0  | 

0.00  | 

o.o  i 

1.75  | 
6.9  I 
8.9    | 


1.25  | 

0.7  | 

99.9  | 

0.38  | 

1.5  | 

0.10  | 

0.4  | 

0.75  ! 

3.0  | 

4.4  | 


0.13  ! 

0-1  I 

I0O.O  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

0.10  I 

0.4  I 

0.4  I 


BE.:   PERCENT 


Table   22. 


VARIABLE 


5.4 


ice 


15.3      |    21.6 


fi/">-over«*  1150.00 

Ow-all    \  |       62.0 

Cunular-^v*  \  I      62.0 

Staren  a/T  |       0.00 

\  (>5.4  urn)  | 

Skin   a/T  I      0.00 

X  (>5.4  urn)  | 

Grain    Mm'    8/T  |       0.00 
*    t>5.4    urn) 

FMd  VS. 4   urn,  ! 


29.00  | 

12.0  1 

73.9  I 

0.00  ! 


18.00    :  23.00 

7.4     |  9.5 

B1.4     I  90.9 

0.00    J  1.00 

[  2.2 

0.00    I  0.00 

I  0.0 

0.00    I  12.00 

I  26.6 

1  28.  B 


12.00   I  7.33 

5.0   |  3.0 

95. B    I  98.9 

1.00    |  3.00 

2.2    I  6.7 

0.00    |  0.00 


CO 


0.0 


100.0    i    100.0 
0.25    |      0.00 


0.6 


0.0 


8.00    |      5.00 
17.7    |       11.1     ! 

20.0   |      17.7    | 


0.25    |  0.25 

0.6    |  0.6 

2.00    |  0.00 

4.4    |  0.0 

5.0    |  0.0 


TOTAL    |    TOTAL    |    AVG  % 


D.CC 

0.0 
0.00 

0.0 

D.C 


Table   23. 


SIZE  CLASSES.   MICRONS 


VARIABLE 


1  <2 

7   1 

1  86 

00  | 

t 

•0  | 

1   4* 

■  0  | 

1    o 

oo  : 

1    o 

00  i 

1  o 

co  : 

a. a 


1   5.*- 

7.6-  | 

1   7.6 

10.8   1 

|  19.00 

11.00  i 

|   10.4 

6.0  | 

|   90.1 

96.1  | 

|   1.00 

1.00  | 

1    2.7 

2.7  | 

|   0.00 

0.00  i 

|    0.0 

0.0  | 

I  11.00 

10.00  | 

\      29. 6 

26.9  | 

I   32.3 

29.6  | 

10.6-    |    15.3-    i    21.6-    | 
15.3      |    21.6      |    30-5      [ 


I    TOTAL 
|       All 


1/tflWil 

Owill   X 

StAPcn  a/T 

t  t>5.4  urn} 
Skin   3/T 

*  (>5.4  urn) 
Gr*>1n  Mm!    8/T 

X  (>S.4  urn) 
FMd   VS. 4    1*0 


33.00  |  27.00 

16.0  I  14.7 

65.0  |  79.7 

0.00  |  0.00 

0.00  |  0.00 


3.1  | 

99.2  | 

0.00  I 

0.0  I 

0.00  I 

0.0  I 

5.60  | 

15.1  | 


0.10  | 

0.1  I 

100.0  I 

1    1.00  I 

2.1  | 

0.00  I 

0.0  I 

0.13  | 

0.3  | 

3.0  | 


0.00  | 

0.0  I 

0.00  I 

0.0  | 


1     fcvSO'irAD'i*   FrK'.ia-    < 
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Table   24. 


VARIABLE 


SIZE   CLASSES.    MICRONS 


7.6      1     10.6 


>30.     |    TOTAL    |    TOTAL    I    AVG  \ 


B/Trav»p« 
Overall    \ 
Cumulative  % 

Starch  8/7 

X   (>5.4  un>> 

Skin   8/T 

X  r>5.4  umj 

..-■•.-■■    NhI   «A 

*      (>5.4      UfTl] 


1    37.00 

16.00 

12.00    | 

I       40.1 

17.3 

13.0    t 

I       40.1 

57.4 

70.4    | 

I      0.00 

0.00 

0.00    1 

1      0.00 

0.00 

0.00    | 

I      0.00 

0.00 

1.00    | 

9.50  | 
10.3  | 
BO.  7  | 
0.00    I 

0.0  I 
0.00  I 
D.O    | 


95.3 

c.oc 

CO 
COO 


0.0C 

0.0 

0.25 


fcMDirabl*  fr»c:im    ■ 


Table   25. 


SIZE   CLASSES.    MICflOMS 


<2.7 

2.7- 

3.B- 

5.4- 

7.6- 

10. B- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  * 

VARIABLE 

3.6 

5.4 

7.6 

io.  e 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

B/Trsvwrsa 

157.00 

4B.O0 

33.00 

21.00 

16.00 

5.60 

4.60 

2.20 

0.60 

266 

50 

Overall    \ 

54.5 

16.7 

11.5 

7.3 

5.6 

1.9 

1.6 

o.e 

0.2 

Cunulatlvaj  \ 

54.5 

71.2 

62.6 

as.  9 

95.5 

97.4 

99.0 

99.6 

100.0 

Starch  i/T 

0.00 

0.00 

0.00 

0.00 

2.00 

0.75 

0.60 

0.60 

0.00 

v  (>5.4  m) 

0.0 

4.0 

1.1 

1.2 

1.2 

0.0 

7.S 

Skin  4/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

X  (>5.A  um) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Gr«in  MhI   »/T 

0.00 

0.00 

3.00 

5.00 

9.00 

3.50 

2.75 

2.00 

0.60 

*    (>5.4    urn) 

10.0 

16.0 

7.0 

5.5 

4.0 

1.2 

45.-" 

■Md  %(>5.4   um) 

10.0 

22.0 

8.5 

6.7 

5.2 

1.2 

53.6 

fawpirabla  Fraction    > 


Table   26. 


SIZE  CLASSES.    MICRONS 


<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>». 

TOTAL 

TOTAL 

AVG  % 

VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

All 

>5.4 

J5.4 

»Ai"avtn* 

130.00 

40.00 

31.00 

22.00 

IB. 00 

10.00 

5.00 

1.30 

0.75 

258 

57 

Overall   X 

50.4 

15.5 

12.0 

a.s 

7.0 

3.9 

1.9 

0.5 

0.3 

Curruiafve  X 

50.4 

65.9 

77.9 

06.4 

93.4 

97.3 

99.2 

99.7 

100.0 

Stare  n  SA 

0.00 

0.00 

0.00 

3.00 

3.00 

1.00 

0.50 

0.00 

0.00 

*   (>5.4   urn) 

5.3 

5.3 

1.8 

0.9 

0.0 

0.0 

13.1 

Sk-fn   »/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

X   (>5.4   urn) 

0.0 

0.0 

0.0 

0.0 

o.c 

CO 

0.0 

Gram  Maal   B/T 

0.00 

0.0Q 

4.00 

11.00 

10.00 

9.00 

«.so 

1.00 

0.75 

X  OS. 4   urn) 

lfl.3 

17.5 

15.8 

7.9 

1.8 

1.3 

63.5 

FM  %{>S.4  urn) 

24.5 

22.  | 

17.5 

6.6 

1.6 

1.3 

76.7 

1    fcecoiraol*  Fraction    ■ 

77.9  Pweant 

Table    27. 

VISIT  S-5 

1                                                                                                      SIZE  CLASSES.   MICRONS 

I             VARIABLE 

<2.7 

2.7- 
3.8 

3.6- 
5.4 

5.4- 

7.6 

7.6- 

10.6 

10.6- 

15.3 

IS. 3- 
21.6 

21.6-    | 
30.5      i 

>30. 

TOTAL 

All 

TOTAL 

>5.4 

AVG  X  | 
>5.4 

'    8/Tr«  versa 
I           Overall    X 

123.00 
52.3 

47.50 
20.2 

26.50 

11.3 

10.00 
4.3 

11. SO 
4.7 

9.0D 
3.B 

5.50 

2.3 

2.40    | 
1.0    | 

0.20 

0.1 

235 

36 

1          Cumulative  X 
1    Stanch  »/T 

S2.3 

0.00 

72.5 
0.00 

83.6 

0.00 

68.0 
0.50 

92.7 

2.00 

96.6 

3.00 

66.9 
1.00 

99.9    | 
0.60    | 

100.0 
0.00 

1               X    (>5.4    jrv: 
|    Skin   a/1 

0.00 

0.00 

0.00 

1.3 

0.00 

5.2 
0.00 

■7.6 
0.00 

2.6 
0.00 

2.1    | 
0.00    | 

0.0 
0.00 

19.2    ! 

1             *    (>5.4    um) 
1    Grain  Maal    8/T 

0.00 

0.50 

4.00 

0.0 
6.50 

0.0 
6.00 

0.0 
6.00 

0.0 
2.60 

0.0    | 

0.0 

D.O    | 

1             X    (>5.4   un.) 
1    Feeo  V>5.«  um) 

17.1 
16.4 

15.7 

21.0 

15.7 
23.6 

6.6 
9.4 

2.1  | 

4.2  | 

0.5 

0.5 

58.0  | 
77.:    ■ 

)9 


Table   28. 


SIZE   CLASSES.    MICRCNS 


<"    7 

3.6- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

3.6 

B.J 

7.6 

10. t 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

X/TrwvwM 

103.00 

36.00 

26.00 

14.00 

11.00 

3.60 

2.75 

0.90 

0.50 

200 

33 

Cwall   \ 

51.6 

19.0 

19.0 

7.0 

5.5 

1.1 

1.4 

0.5 

0.3 

Cianulatlv*  \ 

51.8 

70.5 

63.6 

90.6 

96.1 

97. 9 

99.3 

99.7 

100.0 

0.00 

0.00 

0.00 

2.00 

4.00 

2.00 

0.T5 

0.20 

0.10 

6.1 

12.2 

6.1 

2.3 

0.6 

0.3 

27.6 

Skin  1/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

Osm  MnI    8/T 

0.00 

0.00 

4.00 

10.00 

7.00 

2.33 

2.00 

0.30 

0.20 

%   (>5.4   um) 

30. 5 

21.4 

7.1 

6.1 

0.9 

0.6 

^••c   V>5.4   l») 

36.6 

33.6 

13.2 

9.4 

i-l 

0.9 

§3.6   DESCENT 


Table   29. 


SIZE  CLASSES.    MICRONS 


10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  %    ! 

VARIABLE 

3.B      I 

5.4 

7.6      | 

10.6       | 

15.3 

21.6 

30.5 

>5.4 

101.00 

21.00    1 

15.00 

a. do  i 

6.50    I 

4.00 

2.00 

0.2S 

0.00 

160 

23 

63.2 

13.1 

9.4 

5-0    | 

5.3    I 

2.5 

63.2 

76.4    1 

65.9 

90.6    | 

96.1    i 

9S.6 

99. 6 

0.00 

0.00 

0.00 

0.50    | 

0.50 

0.33 

0.25 

0.25 

8.c  ; 

2.2    1 

2.2 

1.5 

1.1 

1.1 

0.00 

0.00 

0.00 

0.00 

0.50 

0.00 

0.20 

0.0 

2.2 

0.0 

0.9 

0.0 

4.0 

0.00 

0.00 

e.oo 

5.50 

6.50 

3.60 

1.40 

0.40 

0.00 

•S.3   | 

24.2 

37.4 

15.8 

6.2 

1.6 

*wmi  V>5.*  urn) 

26.4 

39.6 

17.3 

7.3 

2.9 

0.0 

iirabla   Fraction   ■ 


Table   30. 


SIZE  CLASSES.    MICRONS 


VARIABLE 


Overall    % 
dmjl«t1**  % 
Starch  s/T 

*  [>5.4    um. 
Skin    9/T 

\    (>5.4   tan) 
Gram  MmbI    8/T 

*  <>5.4   tan) 
-••d  M>5.4  tax) 


10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  % 

1 

3.6      | 

5.«      I 

7.6 

10. B 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

17.50    | 

11.00   | 

7.50 

5.00 

4.00 

1.50 

0.73 

0.46 

M 

19 

17.8    | 

7.6 

5.1 

4.1 

1.5 

0.7 

0.5 

69.3    | 

•0.5 

90.1 

93.2 

97.3 

98.6 

99.5 

100.0 

0.00 

1.00 

0.00 

0.50 

0.38 

0.13 

0.00 

0.0 

2.6 

2-0 

0.7 

0.0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.33 

0.0 

0.0 

0.0 

0.0 

0.0 

1.7 

0.00 

0.00 

2.00 

5.00 

5.00 

2.25 

1.00 

0.53 

0.20 

26.1 

11.7 

5.2 

2.8 

1.0 

31.3 

26.1 

14.3 

7.2 

3.5 

1.0 

Table   31. 


SIZE  CLASSES.    MICRONS 


VARIABLE 


■    1       7.6- 
1     10.6 


I    21.6 


|    21.6- 

I    30.5 


I 


o/l  ravwrM 
Oot»11    t 

Ctanwlativ»  *  I 

Staren  B/T  I 

t    f>5.4    tan)  I 

SW1n   8/T  | 

4)  (>5.4  ian)  I 

Grain  MmI    B/T  | 

\  (>5.4  tan)  | 

-«ar   *(>S  4   tan)  | 


I  96.00 
I  43.0 
|  43.0 
I      0.00 


23.00 
10.0 
S3   D 

COO 


22.00    | 
9.6    | 

62.5  t 
0.00  | 
I 


33.00    I    24.00    |    15.00   |    12.00    I 
5.2    I 


0.00    |      0.00    i      0.00 

I  I 

0.00    |      0.00    |      6.00 


14.3 


76.8  | 
0.00  [ 
0.0  | 
0.00  I 
0.0  1  0.0  I 
20.00  |  21.00  | 
23.2  !  24.3  | 
23.2    |      25.5    | 


10.4  | 

B7.3  I 

1.00  I 

1.2  | 

0.00  I 


6.5  I 
93. B  I 
3.00    | 

3.5    | 

0.00  | 
0.0 


1.0  I 

0.00  I 

0.0  I 

0.00  I 

0.0  I 


17.00  I  12.00  | 
19.7  |  13-9  | 
23.2   |      13.9    | 


1.67  | 

0.1  I 

9S.7  | 

0.33  | 

0.4  | 

0.17  | 

0.2  | 

1.16  | 

1.3  I 

1.7  | 


0-67    | 

0.3    | 

100.0    I 

0.00  I 
0.0    I 

0.00  I 
0.0    I 

0.67  1 
0.8  | 
O.S    : 


TOTAL    I    AVG  *    | 
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Table   32. 


SIZE  CLASSES.    MICRONS 


<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.  B- 

15.3- 

21.  S- 

>30. 

TOTAL 

TOTAL 

AVG  t 

VARIABLE 

3.6 

5.a 

7.6 

10.  B 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

r  Tr.v*-.. 

117. 00 

24.00 

23.00 

IB.  00 

13.00 

13.00 

10.00 

2.20 

1.60 

222 

58 

Dm**11  % 

52.  B 

10.  B 

10.4 

8.1 

5.9 

5.9 

4.5 

1.0 

0.7 

Cuntjlat-tv»  % 

S2.I 

63.6 

73.9 

B2.1 

87.9 

93.8 

98.3 

99.3 

100.0 

0.00 

0.00 

0.00 

0.00 

0.00 

4.00 

2.00 

1.20 

1.00 

\     (>5.4     1*0 

0.0 

0.0 

6.9 

3.5 

2.1 

1.7 

14.2 

Sk1o  a/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 

\  <>5.4  urn) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

0.3 

Gr"*1n  Nh1    I/T 

0.00 

0.00 

1.00 

11.00 

11.00 

8.00 

8.00 

1.00 

4.00 

*    <>5.4   um) 

19.0 

19.0 

13.  B 

13. B 

1.7 

6.9 

74.4 

■•«.-   V>5.4   J- 

19.0 

19.0 

20.  B 

17.3 

I.I 

&.-> 

BE.! 

73.  S  P*-car« 


Table   33. 


size  classes,  microns 


1 

<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10. 6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   X 

VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

All 

>5.4 

>5.« 

'     B/Tr*v»H»4. 

72.00 

11.00 

9.00 

23.00 

18.00 

14.00 

3.30 

1.10 

0.00 

151 

59 

Overall    % 

47.6 

7.3 

5.9 

15.2 

11.9 

S.2 

2.2 

0.7 

0.0 

Cumulative  % 

47.6 

54.8 

60. 8 

76.0 

17.8 

97.1 

99.3 

100.0 

100.0 

|    Sureh  I/T 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

0.50 

0.10 

0.00 

I             %    (>5.4    urn) 

0.0 

1.7 

1.7 

0.B 

0.2 

0.0 

4.4 

Skin   8/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

X    (>5.4   urn) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

I    Qraln  Maal    S/T 

0.00 

0.00 

3.00 

16.00 

15.00 

12.00 

3.00 

0.19 

0.00 

i             *   (>5.4   un) 

26.9 

25.3 

20.2 

5.1 

1.5 

0.0 

78.9 

=4»tJ  V>5.4  um> 

26.9 

26.9 

21.9 

5.9 

1  .7 

0.0 

63.; 

-««c'-«b"'»   Fraction   • 


Table   34. 


SIZE   CLASSES.    MICRONS 


2.7- 

5.4- 

7.6- 

io. e- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

3.B 

5.4      | 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>5.4 

>5  4 

0/T  rsv«r» 

131.00 

31.00 

13.00 

11.00 

12.00 

10.00 

7.00 

4.30 

3.00 

222 

47 

QV*ra11    % 

e: 

13.9 

5.8 

4.9 

S.4 

4.5 

3.1 

1.9 

1.3 

Cj^'lStivt    % 

5B.9 

72.9 

7B.7 

B3.7 

? 

93.6 

96.7 

88.7 

100.0 

Starch   B/T 

0.00 

0.00 

0.00 

2.00 

2.00 

5.c: 

"    ? 

-    7. 

1.70 

\    (>5.4   urn) 

4.2 

4.2 

10.6 

9.5 

5.7 

3.6 

37.6 

Skin   a/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 

0.00 

%    <>5.4    U»J 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Gra-tf>   MmI    »/T 

0.00 

0.00 

2.00 

B.00 

9.00 

5.00 

1.70 

1.70 

1.30 

\    (>5.4   urn) 

16.9 

19.0 

10.6 

3.6 

3.6 

2.7 

56.4 

F«*c    \(>5.4   um) 

21.1 

23.3 

21.1 

13.1 

9.3 

6.3 

94.3 

)"!•  Fraction    ■ 


Table   35. 


SIZE  CLASSES.   MICRONS 


<2.7 

2.7- 

3.B- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  X 

VARIABLE 

3.8 

5.4 

7.6 

10.1 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

S/Trav«r*« 

102.00 

31.00 

26.00 

21.00 

15.00 

11.00 

7.00 

2.75 

1.25 

217 

H 

Overall    \ 

47.0 

14.3 

12.0 

9.7 

e.s 

5.1 

3.2 

1.3 

0.6 

Cur»ulat1v»  \ 

47.0 

61.3 

73.3 

82.9 

B9.9 

94.9 

98.2 

99.4 

100.0 

Starch  a/T 

0.00 

0.00 

0.00 

1.00 

1.00 

2.00 

1.00 

0.25 

0.25 

\    (>5.4    i*i 

1.7 

1.7 

3.4 

1.7 

0.4 

0.4 

9.5 

5k-tn  B/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.25 

K   (>5-4   urn) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

Grain   MmI    a/T 

0.00 

0.00 

2.00 

16.00 

12.00 

9.00 

6.00 

2.50 

0.75 

%   (>5.4   urn) 

27.6 

20.7 

15.5 

10.3 

4.3 

1.3 

79.7 

Zmma  X<>5.4   un») 

29.3 

22.4 

19.0 

12.1 

4.7 

1.7 

Bi.; 

ftawrabl*  Fraction  ■ 
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Table    36. 


SIZE   CLASSES.    MICRONS 


<2.? 

2.7- 

3.6- 

5.4- 

7.9- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVO   \     | 

VARIABLE 

3.8 

5.4 

7.6 

10. B 

15.3 

21.6 

30.5 

All 

>S.4 

>5.4        | 

105.00 

31.00 

27.00 

22.00 

25.00 

16.00 

5.00 

2.50 

0.78 

236 

73 

| 

OvWAll     % 

44.4 

13.1 

11.4 

S3 

10.6 

7.6 

2.1 

1.1 

0.3 

1 

C*jnul«tvB   % 

44.4 

57.6 

6S.0 

76.3 

96.9 

66.5 

96.6 

99.7 

100.0 

1 

0.00 

0.00 

0.00 

0.00 

6.00 

9.00 

1.50 

0.25 

0.00 

1 

t   (>S.4    j.) 

0.0 

1.2 

12.3 

2.0 

0.3 

0.0 

22.9    | 

Skir.   S/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.so 

O.SO 

0.50 

1 

\  (>5.4  u») 

0.0 

0.0 

0.0 

0.7 

0.7 

0.7 

2.0    | 

Qr»1n  MmI   I/T 

0.00 

s.oo 

26.00 

22.00 

19.00 

9.00 

3.00 

l.TI 

0.25 

1 

\   (>5.*  UHj 

30.0 

25. S 

12.3 

4.1 

2.4 

0.3 

75.1    | 

M  %(>5.4   un) 

30.0 

M.I 

24.6 

6.1 

2.7 

0.3 

91.  C    \ 

Urabla  Fr«et1wi   ■ 


6B.0   PERCENT 


Table. 37. 


SHE  CLASSES.   MICRONS 


VARIABLE 


|    <2.7      |      2.7- 


9.1 


I      7.6 


I       7.6-    | 
I    10.6      | 


15.3 


15.3- 
21.6 


>30.     !    TOTAL    |    TOTAL    |    AVG  \ 
■    >5.4      I    >5.i 


b/Tpi_    _ 
Overall  \ 

Search  n/r  I 

*  (>5.4  u*)  I 
Skin  8/T  | 

*  (>5.4  uw)  | 
Grain  MmI    */T  I 

\    (>5.4   i«0  I 

PMd  \ (>5   *  un)  I 


| 110.00  I  32.00  I  14.00  |  9.50  !  11.00  | 

|      57.6  |  16.8  |  7.*  I  5.0  I  5.6  |  «.a   ( 

%   |      57. B  !  74.6  |  82.0  |  86.9  |  92.7  |  97.2    | 

0.00  |  0.00  |  0.00  |  0.00  |  4.50  I  5.00    | 


*.S    | 


I 
0.00    |      0.00 

I 
O.OO   I      0.00 


I 

0.00    I 

I 

1.00    I 


0.0  I  13.1    I 

0.00  I  0-00   f 

0.0  I  0.0   I 

9.00  I  6.50    j 

26.2  |  IB. 8    | 

26.2  |  32.0    I 


14.6  1 
0.00  | 

0.0  I 

3.50  | 

10.2  | 

24.7  | 


2.75  |  2.40  |  0.20  | 
1*1  1.3  |  0.1  I 
99.9  |  100.0  | 
1.20  |  0.00  | 
3.5  |  0.0  | 
0.00  | 
0.0  I 
0.40    I 


9B.6  | 

1.25  | 

3.6  I 

0.00  | 

0.0  | 

1.50  | 

4.4  | 

8.0  I 


4.7    | 


0.00  | 

0.0  | 

0.20  | 

0.6  | 

0.6  | 


■  nlr*Dl»    FnaCTK 


Table  .38. 


size  classes,  mdoe 


I 


■   I      3.9-   I      5.4-   |      7.9-   |    10.9-   |    15.3- 
|      5.4      |      7.9      |    10.1      |    15.3      |    21.6 


|    21.6-   |      >30.    |   TOTAL   |   TOTAL 
|    30.5 


I 


I    ait 


a/r 


Ovarall   * 

CkMl«t-tv»   \  | 

Starch  »/T  | 

*   (>5.4  un)  | 

Skin  UH  I 

\  (>5.4  un)  | 

Gram  Ml  *r  | 

\    (>5.4    ur*  .  | 

Faad    *<>5.4    141)  | 


|117.00  | 

I      54.6  | 

I      54.6  | 

|      0.00  | 


31.00    i    22.00    |    19.00    |    12.00   |    10.00    |      3.33    |      0.76 


14.5    | 
69.1    | 

0.00    | 


10.3  | 

79.4  | 
0.00    I 


1.4 


•7.6    | 

0.00   | 
0.0   | 

0.00   i      0.00   j      0.00    I      0.00    I 

1  I  I        0.0   I 

0.00    I      0.00    I      4.00    I    17.00    I 

I  I  I      35.5    | 

I  I      39.5    | 


'  I 
93.4  | 
0.00  | 
0.0  | 
0.00  I 
0.0  I 
12.00  | 
27.2  | 
27.2    | 


*.'  I 
9B.1  | 
.1-00    | 

2-3  I 
0.00    ! 

0.0  I 
6.50  | 
19.2  [ 
21.5    | 


1. 6    | 


0.00  I 
0.0  | 
2.33   I 


0.00 
0.0 
0.46 


|  0.09    | 

!  .0-0    | 

|  100.0    I 

I  0.00    | 

I  0.0    I 

(  0.08    I 

I  0.2    | 

|  0.00    I 

I  0.0    I 

I  0.0    I 


1   AVG  %   I 
1    >5.4      | 


»p1r«61a  Fraction   - 


Table   39. 
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Table  40. 


SIZE   CLASSES.    MICRONS 


<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>3Q. 

TOTAL 

TOTAL 

AVG   \ 

VARIABLE 

3.6 

1.4 

7.6 

10. 1 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

i/lnvm 

100.00 

32.00 

25.00 

17.00 

16.00 

6.00 

2.00 

1.00 

0.67 

200 

43 

Omll  \ 

10.1 

16.0 

12.5 

I.I 

a.o 

3.0 

1.0 

0.5 

0.3 

Cumulative  % 

50.1 

•6.1 

78. 6 

•7.1 

95.2 

M.2 

SB. 2 

•9.7 

100.0 

Swnen  1/T 

0.00 

0.00 

0.00 

2.00 

2.00 

0.00 

0.40 

0.50 

0.00 

%  (>5.4  urn) 

4.7 

4.7 

0.0 

0.9 

1.2 

0.0 

11.5 

Skin  8/T 

O.OG 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

K   (>5.4  urn) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Grain  *••'    fl/T 

0.00 

2.00 

25.00 

15.00 

14.00 

6.00 

1.60 

0.50 

0.67 

%  c>5.«  m) 

35.2 

32.8 

14.1 

3.7 

1.2 

1.6 

M.5 

M  %<>S.A   un) 

39.6 

37.5 

14.1 

4.7 

2.3 

1.6 

100.0 

1    f*aae>1r#o1a  Fraction   • 

7S.S  Saroant 

Table   41. 

VISIT  D-3 

|                                                                                                      SIZE  CLASSES.   MICRONS                                                                                                  1 

3.8 


5.4 


6.4-   |      7.6-   |    10.8- 
7.6      |    10.8      |    15.3 


|    15.3- 

21.6-    | 

|   21.6 

30.5      [ 

I      2.25 

1.25    | 

t        1-' 

0.6    | 

|      96.9 

99.5    | 

|      0.75 

0.25    | 

I        >-0 

1.0    | 

I      0.00 

0.00    | 

|        0.0 

0.0    | 

j      2.00 

0.00    | 

I        *-° 

0.0    I 

|      11.0 

1.0    | 

I    TOTAL 
|    >5.4 

AVG  %  | 
>5.4        | 

1          25 

7.0    | 

0.0    | 

•o.e  i 

•7.8    I 

%    (>5.4    u*0 

0r»  In  Maal    1/T 

V   <>5.4  i*0 

Faad  V>5.4  u»> 


35.00    |  21.00 

16.9    j  10.1 

77. B    |  67.9 

0.00    I  0.00 

I 

0.00    I  0.00 

I 

0.00    I  21.00 


11.00  I 
5.3   | 

93.2  | 
0.00    I 

0.0  I 
0.00    I 

0.0  I 
11.00    j 

44.0  I 
44.0    I 


6.00  I 

2.9  | 

«.l  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

5.50  ! 

22.0  | 

22.0  | 


1.00  | 

0.5  | 

100.0  | 

0.25  | 

1.0  | 

0.00  | 

0.0  | 

0.00  I 

0.0  I 

1.0  I 


■TBlrab'ia    Fr*cr1cn    • 


Table   42. 


SI2E  CLASSES.   MICRONS 


3.B- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   fc 

I               VARIABLE 

3.1 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

AT. 

>5.4 

>5.4 

105.00 

29.00 

25.00 

16.00 

11.00 

6.00 

3.00 

1.25 

0.13 

196 

37 

I          Overall   \ 

53.5 

14.6 

12.7 

6.1 

5.6 

3.1 

1.5 

0.6 

0.1 

i          Cumulative  % 

53.5 

68.2 

81.0 

69.1 

94.7 

97.8 

99.3 

99.9 

100.0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.50 

0.25 

0.00 

0.0 

0.0 

0.0 

1.3 

0.7 

0.0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.13 

0.13 

0.0 

0.0 

0.0 

0.0 

0.3 

0.3 

0.00 

0.00 

7.00 

15.00 

11.00 

6.00 

2.50 

0.88 

0.00 

40.1 

29.4 

16.1 

6.7 

2.3 

0.0 

94.6 

|    Fwati  \(>5.4  jr.- 

40.1 

29.4 

16.1 

6.0 

3.0 

0.0 

iDlrabla  Fraction   a 


Table   43. 


SIZE  CLASSES.    MICRONS 


<2.7 

3.1- 

S.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   X 

VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

AIT 

>5.4 

>5.4 

*-T>avaree 

116.00 

44.00 

33.00 

23.00 

21.00 

14.00 

6.00 

2.50 

0.50 

360 

67 

Overall    * 

44.6 

16.9 

12.7 

a  • 

•  .1 

5.4 

2.3 

1.0 

0.2 

Cumulative  % 

44.6 

61.5 

74.2 

•3.1 

•1.2 

96.5 

•8.6 

•9.8 

100.0 

0.00 

0.00 

0.00 

0.00 

4.00 

4.00 

3.00 

1.S0 

0.25 

%   (>S.4   urn) 

0.0 

6.D 

4.6 

4.5 

•       2.2 

0.4 

19.0 

Skin  1/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

V    (>6.4   urn) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Qraln   Meal    8/T 

0.00 

0.00 

2.00 

23.00 

17.00 

10.00 

3.00 

1.00 

0.25 

\    (>5.4   um) 

34.3 

25.4 

14.9 

4.5 

1.5 

0.4 

■  1.0 

f-mmo   t(>5.<  urn) 

34.3 

31.3 

20.9 

9.0 

J.T 

O.T 

100.0 

I    ftaeo1fat>la   Fraction   ■ 
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Table   44. 


SIZE   CLASSED 


■    n/Traw*r*« 

■,-■*■     ■ 

I     Sw-cn   8/T 
'  *   (>B.4 

I    S«1n  I/T 

*  <>5.4 

:    ■-■*'-  mmI  i 

*  05.4 

M  V>5* 


I 

1103.00   ' 
52.3 
52.3 

0.00 

0.00    I 
0.00    I 


7.6-   |    10.8- 
15.3 


24.00    I 
12.2 
US 
0.00 


23.00  | 

11.7  | 

76.2  | 

0.00  | 

0.00  I 


20.00    | 
10.2 

66.3 
1.00 
2.1 
0.00 


10. 

11.00  | 
5.6  | 
91.9  | 
0.00  I 
0.0  [ 
0.00  I 
0.0  I 
11.00  I 
23.  *  | 
23.*    I 


6.50 
4.3 
96.2 

2.00  ; 

4.3 
0.00 

0.0 
7.00 
14. B 
19.2 


H.a 

l  .50 

I. a 

C.QC 
0.C 

1.50 
3.2 


|    21.6-  1  >30.  | 

I    30.5  |  | 

1-44  |  0.00  | 

0.7  |  0.0  | 

100.0  I  100.0  I 

0.33  |  0.00  | 


0.7  | 

0.11  I 

0.2  i 

1.11  | 

2.4  | 


0.0  | 

0.00  I 

0.0  [ 

0.00  I 

0.0  i 

0.0  ! 


10.3    ! 
0.2    | 


ftwplrcblfl  F-aCTlar   ■ 

76.2   PCRCEN- 

Table    45. 

VISIT    0-1 

SIZE  CLASSES.    MICRONS 

<2.1 

2.7- 

3.8- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  V 

VARIABLE 

3.6 

5.4 

7.6 

10. B 

15. 3 

21.6 

30.5 

All 

>5.4 

>5.4 

d  Tr»vOT*» 

104.00 

29.00 

11.00 

16.00 

9.00 

7.00 

4.30 

2.00 

0.17 

162 

38 

Overall    \ 

57.0 

15.9 

6.0 

s.e 

4.9 

3.6 

2.4 

1  .  1 

0.1 

Cirtii«ivt  % 

57.0 

72.9 

78.9 

67.7 

92.6 

96.5 

98.6 

99.9 

100.0 

SW"Ch   B/T 

0.00 

0.00 

0.00 

0.00 

0.50 

0.67 

1.67 

0.33 

0.00 

%  (>5.4  um) 

0.0 

1.3 

1.7 

4.3 

0.9 

0.0 

e.: 

S*in  */T 

0.00 

O.OO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.33 

0.17 

\    OS.4    Iff) 

0.0 

0.0 

0.0 

0.0 

0.9 

0.* 

"  .3 

Qr**i  Ma*l   »/T 

0.00 

0.00 

0.00 

13.00 

6.50 

4.00 

2.67 

1.33 

0.00 

\    (>5.4   up.) 

33.6 

22.1 

10.4 

6.9 

3.5 

0.0 

76." 

Fwd  *OS.4  um) 

33.6 

23.4 

12.1 

11.3 

4.3 

0.0 

Bi.S 

ISCJif'«C"i«     Fpw 


Table   46. 


SIZE   CLASSES.    MICRONS 


<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>ao. 

TOTAL 

TOTAL 

AVG  % 

VARIABLE 

3.6 

5.4 

7.6 

10.  B 

15.3 

21.6 

30.5 

ATI 

>5.4 

>5.4 

t/Trm<mrmm 

104.00 

37.00 

IB. 00 

10.00 

6.00 

6.00 

5.50 

2.17 

0.50 

191 

32 

Overall    V 

M.4 

19.4 

9.4 

5.2 

4.2 

3.1 

2.9 

1.1 

0.3 

Cumlatlvaj  \ 

54.4 

73.8 

63.2 

68.4 

92.6 

95.7 

9B.6 

99.7 

100.0 

Stare*   8/T 

0.00 

0.00 

0.00 

1.00 

0.00 

1.00 

3.00 

0.67 

0.00 

%   OS.*  um) 

3.1 

0.0 

3.1 

9.3 

2.1 

0.0 

17.6 

Skin  8/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

\   05.4    um) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.O 

Grain  Mm:    S/T 

0.00 

0.00 

3.00 

8.00 

B.OO 

5.00 

2.50 

1.50 

0.50 

*    OS. 4   um) 

24.9 

24.9 

15.5 

7.6 

4.7 

1.6 

79.3 

Fwd  %(>5.4  um) 

28.0 

24.9 

ia.7 

17.1 

6.7 

1.6 

96.  > 

,     •«;'-ar't    Fraction   ■ 

83. 

Pw-cant 

Table  47. 

VISIT   E-l 

SIZE  CLASSES.    MICRONS 

<a.i 

2.7- 

3.8-    | 

5.*-    | 

7.6- 

10.8- 

15.3- 

21.6- 

TOTAL 

TOTAL 

AVG   * 

VARIABLE 

3.8 

5.4      I 

7.6      1 

10.  | 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

n/Tr«v*rM 

100.00 

15.00 

9.50    | 

3.00   1 

2.25 

1.70 

0.90 

0.70 

0.10 

133 

S 

Overall    V 

75.1 

11.3 

7.1     1 

2.3    | 

1.7 

1.3 

0.7 

O.S    | 

0.1 

Cumu>at1v»  % 

75.1 

86.4 

93.5    1 

95.6    | 

97.4 

98.7 

H.4 

99.9 

100.0 

Starch  8/7 

0.00 

0.00 

0.50    | 

0.00    | 

0.25 

0.00 

0.40 

0.10    | 

0.00 

%   ('5.4    um) 

| 

0.0    1 

2.9 

0.0 

4.6 

1.2    | 

0.0 

e.1 

5win   */T 

0.00 

0.00 

0.00    | 

0.00    | 

0.25 

0.17 

0.00 

0.10    | 

0.00 

*    OS. 4    um) 

1 

1 

0.0    | 

2.9 

2.0 

0.0 

1.2    | 

0.0 

e.: 

(yam  mmI   s  ■ 

o.oo  : 

0.00 

0.00    | 

1.25   | 

1.50 

1.00 

0.40 

0.40    1 

0.10 

*   05.4   um) 

■ 

1 

14.5   | 

17.3 

11,6 

4.6 

*.6    1 

■  ■— a   %OS.4   un) 

i 

1 

14.5     | 

20.2 

n.6 

9.2 

5-8    t 

1.2 

62  . 

44 


Table  48. 


E3ZI  cesses,  microns 


|    <2.7      |      2.1-   |      3.6-   |      5.*-    |      7.*-    |    10.9-    |    15.3- 
VARIABLE          |                 j      3.8            5.4      |      7.6      |    10. t      |    IB. 3      |    21.6 

21.6- 

30.5 

>30.    |   TOTAL 

1    ait 

TOTAL    |    AVG  \ 
>S-t      |   >5.4 

I/Ipwvn                1110.00    |    36.00    |    34.00    i    2S.O0    1    10.00    |      B.SO    1       8.00 
Ovvrall    \           |      46.4    !       14.9    I       U.O    |       10.3    |         T.4    |         3.9    |         3.3 
C*#njlat1v«  %   |      45.4    |      90.3    |      74.3    |      M.7    |      92.  I    |      96.0    j      OB. 3 

Starqn  8/T              |      0.00    |      0.00   |      0.00    |      1.00   |      1.00    |      1.50    |      3.00 
\   (>5.4  wn)    |                 |                 |                 |        1.5   |        1.5    |        2.4    |        3.3 

Skin  B/T                   |      0.00   |      0.00   |      0.00    |      0.00   |      0.00   |      0.00    |      0.00 

%  (>5.«  tao  |             i             j             |      o.o  i      o.o  i      o.o  j      o.o 

Grain  (teal   8/T      ;      0.00   |      1.00   |   34.00    |    34.00    |    17.00    |      5.00   |      5.50 

%  (>5.4  un)    |                 |                 |                 |      35.6    |      37.4    |      13.0    |        9.S 

raad  V>5.4  !■)    |                 1                 |                 |      40.2    |      25.0    I      15.3    |      12.1 

1.25 

0.5 

99  e 
O.M 

0.0 
0.25 

0.4 
1.00 

1.6 

1.6 

0.35   |        U2 

0.2  | 
100.0  1 
0.00   | 

0.0  | 
0.00    | 

0.0  | 
0.39    | 

0.6    | 

0.9    | 

>2   1 

1        l-B 

1        0.4 

|      M.i 

|      91.6 

;n'"ibi«   Fraction    - 


Table  49. 


SHE  CLASSES.    MICRONS 


VARIABLE 


|    <2.7      |      2.7-   |      3.9 


t 


I      3-B      I 


S.4-    |      7.9-    |     10.6-    |    15,3-    |    21.6- 
7.6      |    10.6      |    15.3      I    31.6      |    30.5 


>30.     |    TOTAL 
|      All 


lArtvar«t 
Overall   \ 

CUTL.  ilflV*     \  | 

Starch  i/T  | 

%  (>5.4  u»  | 

Skin  B/T  | 

%  (>5.4  ««)  | 

Gram  Maal    B/T  | 

%  (>S.4  i«n)  | 

Faad  V>5.4  -jn)  l 


155.00    |   49.00  |    22.00    I 

55.0    |      17.4  |        7.6    | 

72.4  | 

0.00  | 


55.0    | 
0.00    | 


I 


B0. 2    | 
0.00    i 


0.00   I      0.00    I      0.00 

I  I 

0.00    I      0.00    I 


86. 3  1 
1.00  | 
1.9  | 
0.00    | 

I       o.o  I 

9.00  |  12.00  | 
I  21.6  | 
I      23.*    I 


7.00  |  22.00  |  12.00  | 
6.0  |  7.9  |  4.3  | 
B4.1  1 
1.00   | 


-6     | 


99.3  | 

2.00  | 

3-6  | 

0.00  | 

0.0    I        0.0  I 

11.00   |    10.00  I 

37.7    |      19.0  | 

3S.5   |      21.9  | 


3.33  | 

1.2  j 

9S.5  ! 

1.00  | 

1.9  | 

0.00  I 

0.0  1 

2.30  | 

4.1  | 

5.9  I 


1.10   |  0.22    1 

0.*    |  0.1    I 

98.9    |  100.0    | 

0.00    |  0.00    | 


0.0  | 

0.00  | 

0.0  | 

1.00  | 

1-0  I 

1.9  | 


0.0  I 

0.20  | 

0.4  | 

0.00  I 

0.0  I 

0.0  I 


■Dlrabla  Fraction  ■ 


Table   50. 


|    <3.7      |      2.7- 


3.9-    |      5.4- 


|      7.9-   |    10.6- 
|    10.9      |    15.3 


|    15.3- 
I   21.6 


I    30.5      | 


>30.    |   TOTAL 


B/Ti 

Overall  i 
Cutularl' 

Starch  8/T 
*    (>5.4 

Skin  B/T 


|117.00  |  43.00 

|      52.7  |  19.4 

.   |      52.7  |  T2.1 

|      0.00  |  0.00 


22.00  | 

9.9  | 

52.0  | 

0.00  | 


11.! 


|    13.50    |    11.50    | 


*   (>5.4  uft)    1 


*  <>5.< 
•d  l(>5.< 


0.00 
0.00 


I 


5.3  | 

•7.3  |  93.3  | 

0.00  |  3.50  | 

0.0  |  6.3  | 

O.M    |      0.00  j  0.00  | 

0.0  I  0.0  j 

S.M  |  10.00  | 

33.6  |  25.1  | 

22.6  |  31.4  | 


S-2  I 

98.5  | 
2.M  | 

5.0  | 

0.50  j 

1.3  I 

8.M  | 

23.6  | 
27.9  | 


2.17    |      1.10  |      0.10    | 

1.0   |        0.5  |        0.0    | 

99.5    I    100.0  |    100. 0    I 

0.33    |      0.10  |      0.00    | 

0.3  I 

0.00  I 

0.0  I 

l.M  | 

2.5  | 

2.8  | 


0.8  | 

0.00  | 

0.0  | 

1.90  | 

4.5  | 

5.3  I 


0.0  | 
0.00    I 

0.0  I 
0.10    I 

0.3    | 

0.3    | 


■Diratola  Fraction  ■ 


Table   51. 


SIZE 

CLASSES.   MICRONS 

3.9- 

5.4-   | 

7.9-   | 

10.9- 

15.3- 

21.6- 

>M. 

TOTAL 

TOTAL 

AVG  *    | 

VARIABLE 

3.5 

5.4 

7.6      [ 

10.9      | 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4      | 

8/Tra**r«a 

100.00 

34.00 

20.00 

11.00   | 

7.50   | 

7.M 

1.T0 

0.60 

0.40 

193 

39 

0»*B-*11     % 

54.  S 

lt.7 

11.0 

9.0   | 

4.1    ( 

3.9 

0.9 

0.3 

0.2 

Cu»jlatlv*  \ 

54. B 

73.5 

94.5 

90.6   1 

B4.7    | 

M.5 

99.5 

99.8 

100.0 

Starch  B/T 

0.00 

O.M 

O.M 

0.00    | 

l.M    | 

0.50 

O.M 

0.00 

O.M 

*  (>5.4  xm) 

0.0   | 

3.5    | 

1.9 

0.0 

0.0 

0.0 

Skin   B/T 

O.M 

O.M 

O.M 

0.00    | 

O.M    | 

O.M 

0.16 

0.20 

%  (>5.4   u») 

0.0    | 

0.0    | 

0.0 

0.6 

0.7 

0.7 

Oram  Maal   B/T 

O.M 

0.00 

4.M 

O.M    | 

6.M    ! 

6.00 

1.33 

0.40 

0.1O 

«  (>5.4  un) 

26.4    | 

21.3    | 

21.3 

4.7 

1.4 

0.* 

F*ad   %(>5.4    jn: 

35.4    | 

24.9   | 

23.0 

a.T 

1.4 

0.4 

■Dlrabla  Fraction  • 


94.5   PERCENT 
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Table   52. 


2   7- 

3.6- 

5.4- 

7.6- 

10.  8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   %    1 

var:able 

3.8 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

I/nr»v#pj» 

122.00 

30.00 

22.00 

25.00 

11.00 

6. SO 

3.75 

0.66 

0.36 

223 

49 

Ovwall    * 

54.6 

13.4 

9.8 

11.2 

4.9 

3.6 

1.7 

0.4 

0.2 

1 

Cumj1aTlv»  % 

54,6 

6&.0 

77.9 

69.0 

94.0 

97. e 

99.5 

90.8 

100.0 

SMrch   «/T 

0.00 

0.00 

0.00 

1.00 

1.00 

0.50 

O.SO 

0.07 

0    00 

1 

V   (>5.4   un) 

2.0 

2.0 

1.0 

1.0 

0.1 

0.0 

6.:  i 

S*<1n  «/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.21 

1 

\    [>«,*   um) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4     I 

Grain  Mm''    «/T 

0.00 

0.00 

4.00 

14.00 

10.00 

5. SO 

2.25 

0.64 

0.07 

! 

X    <>5.4   urn) 

20.3 

20.2 

11.1 

4.5 

1.3 

0.1 

65.6    1 

FMd  V>5.4   urn) 

30.3 

22.2 

12.1 

5.6 

1.4 

0.1 

71.6    1 

1    Ra^nirabla   Fraction    - 

77. 

P«reant 

1 

Table    53. 

VISIT  E-8 

|                                                                                                      SIZE  CLASSES.   MICRONS                                                                                                  1 

<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  X 

VARIABLE 

3.8 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

A:    1 

>5.4 

>5.4 

B/7Piv»TM 

101.00 

20.00 

15.00 

e.oc 

10.00 

5.00 

2.30 

1.00 

0.10 

162 

26 

Overall    \ 

62.2 

12.3 

9.2 

4.9 

6.2 

3.1 

1.4 

0.6 

0.1 

Cumulative  \ 

62.2 

74.5 

B3.7 

66.7 

94.8 

97.9 

99.3 

99.9 

100.0 

Starch  8/T 

0.00 

0.00 

0.00 

0.00 

O.SO 

0.00 

1.50 

0.10 

0.00 

\   (>5.4   urn) 

0.0 

1.9 

0.0 

5.7 

0.4 

0.0 

e.c 

SMn  1/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.10 

\   (>5.4  un) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

Grain  MmI   l/T 

0.00 

0.00 

5.00 

7.00 

8.50 

5.00 

1.67 

0.90 

0.00 

%    (>5.4    ur 

26.5 

32.2 

16.9 

6.3 

3.4 

0.0 

87.* 

FM   V>5.4    un) 

26.5 

34.1 

16.9 

12.0 

3.8 

0.0 

95.: 

■  B1i-»C'i»     rr»CTlCri     ' 


Table   54. 


VARIABLE 


I    l/1r>*WM 

Cwall  \         | 
I  Cumulative  \    | 

|    Search  t/T  | 

%  (>5.4 


63.2  | 
63.2  I 
0.00    | 


Skin   1/T 


I 


\   (>5.4   urn)  | 

lin  MmI    9/1  | 

\    t>5.4   un}  I 

KJ  *f>5.4  UK)  I 


|      0.00    I      0.00 


0.00 
4.50 


5.4-   I      7.6-    |    10.6-    |    15.3-   |   21-6-    | 
7.6      |    10.6      |    15.3      I    21.6      |   30.5      | 


1.75    |      0.50    | 
0.6    | 


96.3  |  98.5  | 

0.00  |  0.50  | 

0.0  |  10.5  | 

0.00  |  0.00  I 


0.00 
0.0    | 


0.00    | 
0.0    | 


0.0  1 
1.50  | 
31.6  | 
31.6    | 


0.0  I 

1.25  | 

26.3  | 

36.8  | 


0.00    |      0.00    | 
0.0   I    .   0.0    I 


0.25  | 

0.3  | 

99.4  | 

0.00  I 

0.0  I 


0.50  | 

0.6  | 

100.0  | 

0.25  | 

5.3  | 


O.SO    I 

10.5   | 
10.5    | 


0.00 
0.0    | 

0.0    ! 


0.25  !  0.25  j 
5.3  |  5.3  | 
1.1    |      10.5   | 


HDifabl*   "'•*: 


Table   55. 


SIZE  CLASSES.    MICRONS 


5-4-    | 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG 

VARIABLE 

3-0      I 

5.* 

7.6      | 

10.8 

15.3 

21.6 

30.5 

All 

>5  4 

73.00 

16.00 

11.00 

12.00    | 

7.50 

6.50 

7.00 

6.00 

0.67 

144 

44 

owvn  % 

SO. 8 

11.1 

7.7 

6.4    ! 

5.2 

6.9 

4.9 

5.6 

Cumulative  % 

50.8 

61.9 

69.6 

78.0    1 

63.2 

69.1 

64.0 

99.5 

100.0 

0.00 

0.00 

0.00 

0.00   ! 

0.00 

0.00 

0.00 

1.33 

0.0   I 

0.0 

0.0 

0.0 

3.0 

0.0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.33 

0.00 

■*    <>5.4   un) 

0.0 

0.0 

0.0 

0.0 

0.8 

0.0 

Grain  MmI    b  ~ 

0.00 

1.00 

2.00 

9.00 

5.00 

5.00 

2.50 

1.00 

20.6 

11.4 

n.i 

S.7 

2.3 

1.5 

r*»a  V>5.4   un) 

20.6 

11.4 

11.4 

5.7 

5.3 

1.1 

■olnabla  PnaeOcr  ■ 
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Table  56. 


SIZE  CLASSES.    MICRCNS 


<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

All 

>S.4 

>5.4 

«/lri^r»» 

I  06    DD 

23.00 

20.00 

12.00 

15.00 

7.50 

5.50 

4.00 

0.17 

194 

45 

Ov»rV,l    \ 

U.T 

ii. a 

10.3 

6.2 

7.7 

3. a 

2.8 

2.1 

0.3 

Cunjitvv»  % 

54.7 

66.6 

TS.9 

■3.1 

SO. 9 

94.7 

97.6 

99.7 

100.0 

Smpck  o/t 

0.00 

0.00 

0.00 

0.00 

0.50 

1.00 

2.50 

3.00 

0.00 

%  <>5.4  um) 

0.0 

1.1 

2.2 

5.6 

6.7 

0.0 

15.7 

Skin  *A 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.50 

0.00 

0.00 

V   (>5.4  um> 

0.0 

0.0 

0.0 

1.1 

0.0 

0.0 

1.1 

Qmrln  Mtl  «A 

0.00 

O.OO 

7.00 

10.00 

13.00 

6.50 

2.50 

1.00 

O.ST 

*     (>S.4     JT.I 

22.4 

29.1 

16.8 

5.6 

2.2 

1.5 

T5.4 

FotO   %<>8.«    um) 

22.4 

30.2 

16.1 

11.2 

g.o 

1.5 

91.0 

i    ftMD-lraDl*   Fraction   ■ 

76.9    0*-cn- 

1 

Table    57. 

VISIT    F-4 

SHE  CLASSES.    MICRONS                                                                                                               1 

<2.7 

2.7- 

3.6- 

5.4-     | 

7.6- 

10. B- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   % 

VARIABLE 

3.B 

5.4 

T-6      | 

10.6 

15.3 

21  .6 

33.5 

All 

>5   4 

>5     4 

-  rTr*w«rf* 

57.00 

30.00 

11.50 

4.57    • 

5.67 

4.67 

1.B0 

0.20 

0.80 

116 

16 

:^»       * 

49.0 

25.6 

a. a 

4.0     | 

4.9 

4.0 

1.5 

0.2 

0.7 

Ct"TUI«''«      \ 

4B.0 

74.6 

84. 7 

6B.7    | 

93.6 

97.6 

99.  1 

99.3 

100.0 

Stirch  «/T 

0.00 

0.00 

0.00 

0.33    | 

0.66 

1.33 

0.40 

0.00 

0.60 

\   (>5.4   um) 

1-9    1 

3.7 

7.5 

2.2 

0.0 

3.4 

1B.E 

Skin  */T 

0.00 

0.00 

0.00 

0.00    ' 

0.00 

0.00 

0.40 

0.00 

O.OO 

\    (>S   4   um) 

0.0    ! 

0.0 

0.0 

2.2 

0.0 

0.0 

2.2 

Grai-.  M*a1    8A 

0.00 

0.00 

0.00 

0.00    I 

0.33 

1.66 

O.B0 

0.20 

0.00 

0.0 

1.9 

9.3 

4.5 

1 .1 

0.0 

16.8 

Faad  VS.  A  um) 

1.9 

5.6 

16.  e 

6.7 

1.1 

3.4 

35.4 

i    ^b:'-jd'h    Fraction   * 

84.7   ttrwit 

1 

Table    58. 

VISIT  *-* 

SIZE  CLASSES.   MICRONS 

<2.7 

2.7- 

3.8- 

5.4-    | 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   \ 

VARIABLE 

3.8 

5.4 

7.6      | 

10.  B 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

«A>-«v*r»a 

75.00 

21.00 

18.00 

12.00    I 

6. DO 

3.25 

1.43 

1.11 

0.22 

138 

24 

Ovw-all    \ 

S4.3 

15.2 

13.0 

8.7   ; 

4.3 

2.4 

1.0 

0.8 

0.2 

Cunulat-lvv  % 

54.3 

89.6 

82.6 

91.3   | 

95.6 

98.0 

99.0 

99.8 

100.0 

Staren  8  A 

0.00 

0.00 

0.00 

1.00 

0.50 

0.00 

0.57 

0.66 

O.n 

\    (>5.4     j- 

4.2 

2.1 

0.0 

2.4 

2.7 

0.5 

11.8 

Skin  «r 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

*   (>5.4    un) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groin   t4aal    S/T 

0.00 

0.00 

0.00 

0.00 

1.00 

2.00 

0.71 

0.66 

0.11 

\   (>5.4  um) 

0.0    ! 

4.2 

8.3 

3.0 

2.7 

0.5 

16.7 

F«d  *(>5.4  um) 

4.2 

6.2 

8.3 

5.3 

5.5 

0.9 

30.5 

>!•  fraction   ■ 


Table   59. 


<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  % 

VARIABLE 

3.B 

5.4 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

w/Trmmrm 

100.00 

2B.O0 

IB.  00 

10. 00 

6.50 

4.67 

2.T5 

1.25 

0.13 

171 

25 

Overall    \ 

58.4 

16.3 

10.5 

5.8 

3.8 

2.7 

1.6 

0.7 

0.1 

Cumulativ*  \ 

58.4 

74.7 

65.2 

91.1 

B4.9 

97.6 

99.2 

99.9 

100.0 

Stamen  »A 

0.00 

0.00 

0.00 

1.00 

1.50 

3.00 

0.50 

0.38 

0.00 

\   (>5.4   um) 

4.0 

5.9 

11.9 

2.0 

1.5 

0.0 

25.2 

Skin   lA 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.10 

0.00 

V    (>5.4   um) 

0.0 

0.0 

0.0 

0.0 

0.4 

0.0 

0.4 

Grain  nh"<    b r 

0.00 

0.00 

0.00 

1.00 

1.00 

1.67 

1.75 

0.T5 

0.10 

\  (>5.4  um) 

4.0 

4.0 

6.6 

6.9 

3.0 

0.4 

24.8 

fmd  V5.4  um) 

7.9 

9.9 

18. S 

8. 9 

4.4 

0.4 

50.0 

|    haaolrabla   Fra«1a->   ■ 


65.2   PERCENT 
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Table   60. 


SIZE   CLASSES.    MICRONS 


<•>   " 

3.6- 

7\6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   * 

VARIABLE 

3.8 

5.1 

7.6      1 

io. a 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

150-OD 

29.00 

16.00 

23.00    < 

12.00 

7.33 

2.75 

0.00 

0.00 

242 

15 

62.0 

12.0 

7.4 

9-5 

5.0 

3.0 

1 . 1 

0.0 

62.0 

73.9 

91.  * 

90.9 

95.  B 

SB.  9 

100.0 

10C.0 

100.0 

0.00 

0.00 

0.00 

1.00 

1.00 

3.00 

0.2S 

0.00 

0.00 

2.2 

2.2 

6.7 

0.6 

0.0 

0.0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.25 

0.25 

0.00 

*    (>5.4    um) 

0.0 

0.0 

0.0 

0.6 

0.6 

0.D 

1.1 

Gr*i-  Mgl    S/7 

0.00 

0.00 

0.00 

12.00 

0.00 

s.oo 

2.00 

0.00 

0.00 

X    (>S.A   um) 

26.6 

17.7 

11 .1 

4. A 

0.0 

0.0 

-"•*.    \(>5.4   un] 

26. B 

20.0 

17.7 

5.0 

0.0 

0.0 

RoBCi'*ab1«   Fraction   ■ 


Table   61. 


SHE  CLASSES.   MICRONS 


7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   \ 

VARIABLE 

3.6 

5. A 

7.6 

10.6 

15.3 

21.6 

30.5 

ait 

>5.4 

>S.A 

66.00 

33.00 

27.00 

19.00 

11.00 

5.67 

1.37 

0.10 

0.00 

163 

37 

Owrall    % 

47.0 

16.0 

14.7 

10. A 

6.0 

3.1 

0.7 

0.1 

47.0 

65.0 

79. 7 

90.1 

96.1 

99.2 

99.9 

100.0 

0.00 

0.00 

0.00 

1.00 

1.00 

0.00 

0.13 

1.00 

0.00 

X  (>5.4  um) 

2.7 

2.7 

0.0 

0.3 

2.7 

0.0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.0 

o.o 

0.0 

0.0 

D.D 

0.0 

Grain  MmI   9/1 

0.00 

0.00 

A. 00 

11.00 

10.00 

5.60 

1.25 

0.13 

0.00 

29.6 

26.9 

15.1 

3. A 

0.3 

0.0 

FM   %(>5.A   umj 

32.3 

29.6 

15.1 

3.7 

3.0 

0.0 

Table   62. 


SHE  CLASSES.    MICRONS 


|    TOTAL    I    TOTAL    I    AVG  \ 


OXwall  ' 

Cmi'iat^ 
(Starch  l/1 


*   <>5.< 

tin  MmI 
X  (>5.' 


12.00 
8.2 

71.3 


6.00    |      6.50    |      5.50    |      2.75    I 


69.' 

0.00    |  0.00    | 

1  I 

0.00    I  0.00    I 

I  I 

0.00    I  0.00    I 


1.00 

d.oc 


I 


i.i  | 

B8.2  | 

0.00  1 

0.0  I 

0.00  I 

0.0  I 

5.50  | 

23.7  | 

23.7  1 


92.6  I 

1.50  | 

6.5  | 

0.00  | 

0.0  | 

S.OO  I 

21.5  | 

26.0  | 


3.6  | 

66. A  | 

2.00  | 

6.6  | 

0.00  1 

0.0  | 

3.00  | 

12.9  | 

21.5  | 


1.7 


96.3    |    100.0    [ 


0.75 

3.2  | 

0.00  | 

0.0  I 

2.00  | 

8.6  i 


00  I 

1.3  | 

0.00  | 

0.0  [ 

1.50  | 

6.5  | 

10. B  | 


0.0  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

0.0  I 


Table   63. 


S/Trai 

Ovwall    * 
Ctmjlafl^ 

Starch  »/T 
X  <>5.4  1 

Skrfn  8/T 

X    <>5.4    ( 

Grain  MmI    1, 

*   (>5.4  t 

FM  *(>5.4   . 


SIZE  CLASSES.   MICRONS 


|      7.6-    |    10.6-    |    15.3-    |    21.6-   | 
|    10.6      |    15.3      |    21.6      |    30.5      | 


.00    I    13.00    |      6.50    | 


0.00    | 
0.00    1 


69.3    | 
0.00    | 


0.00    I 

I 

2.00    | 


1.4  | 

93.7  | 
0.00  | 

0.0  | 

0.00  | 

0.0  J 

6.00  | 

37.6  | 

37.8  I 


3.30  | 

2.2  | 

95.9  | 

0.33  | 

2.1  | 

0.00  | 

0.0  I 

2.67  | 

16.8  | 

16.9  | 


3.66  | 
2.5  | 
96.4  | 
0.61  | 
4.2  | 
0.00  I 
0.0  j 
3.00  | 
18.9  | 
23.1     | 


1.33    i 
0.9    | 

99.3    | 


1.10    | 
6.9    | 


0.65  |  0.23  | 

0.6  |  0.2  | 

96.6  |  100.0  | 

0.15  1  0.00  | 


0.9  | 

0.00  | 

0.0  | 

0.53  | 

3.3  | 

1.1  I 


0.0  I 

0.00  I 

0.0  I 

0.23  | 

1.4  | 

1.4  | 


■drabl*  Practlcn   ' 
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Table   64. 


SIZE   CLASSES.    MICRCNS 


<:.t 

2.7- 

3.B- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \    I 

VARIABLE 

3.B 

5.4 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4       | 

B.Travwraa 

101. 00 

33.00 

25.00 

26.00 

24.00 

11.00 

7.00 

2.50 

0.75 

230 

71 

:>-*-*■-  % 

43. 9 

14.3 

10.9 

11.3 

10.4 

4.8 

3.0 

1  .  1 

0.3 

CXmjlat1<^ 

43.9 

56.2 

69.1 

ao.3 

90.6 

95.5 

96.6 

98.7 

100.0 

Search  8/T 

0.00 

0.00 

0.00 

0.00 

2.00 

1.00 

1.50 

0.25 

0.00 

*   <>5.4   ^ 

0.0 

2.8 

1.4 

2.1 

0.4 

0.0 

6.7    | 

Skin  *r 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.50 

0.00 

0.5O 

X   (>5.4  um 

0.0 

0.0 

0.0 

0.7 

0.0 

0.7 

1.4    | 

Grain   mm'    i/T 

0.00 

0.00 

24.  0C 

26.00 

22.00 

10.00 

5.00 

2.25 

0.25 

*   (>5.4    w 

36.5 

30.9 

14.0 

7.0 

3.2 

0.4 

91. 9    | 

F«»d    V>5.4    I*. 

36.5 

33.7 

15.4 

9.1 

3.5 

0.4 

9E.6    i 

IRNolnMla  cr#cti< 


Table   65. 


SIZE  CLASSES.   MICRONS 


I 

<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   \ 

|          VARIABLE 

3.B 

5.4 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

n/Trss«rft 

105.00 

16.00 

11.00 

11.00 

15. 0D 

10.00 

7.00 

2.20 

1.00 

180 

46 

I         Overall    \ 

58.3 

10.0 

6.1 

6.1 

8.3 

5.5 

3.9 

1.2 

0.6 

|              C.JTL    .IT'V* 

56.3 

6B.3 

74.4 

80.5 

86.6 

94.3 

98.2 

96.4 

100.0 

[Starch   B/T 

0.00 

0.00 

o.oo 

0.00 

2.00 

1.00 

2.00 

0.90 

0.20 

|           X    (>5.4   un 

0.0 

4.3 

2.2 

4.3 

1 .7 

0.4 

13.0 

| Skin  B/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 

0.20 

]           V    (>5.4    jv 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

0.9 

I  Grain  Maal    B/T 

0.00 

0.00 

0.00 

11.00 

13.00 

9.00 

5.00 

1.20 

0.60 

1           *    C>5.4   un 

23.6 

21.1 

19.5 

10.8 

2.6 

1.3 

86.1 

■mm:    \(>5.4    um 

23.8 

32.  S 

21.6 

15.2 

4.3 

1.7 

99.1 

Table   66. 


SIZE 

CLASSES.    MICRONS 

<2.7 

2.7- 

3.6- 

5.4-   | 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

|           VARIABLE 

3.8 

5.4 

7.6      | 

10.  B 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

\ufTrmvmr*m 

114.00 

14.00 

12.00 

13.00   | 

5.00 

5.00 

5.00 

2.50 

0.00 

171 

31 

|       Owall  \ 

66.9 

8.2 

7.0 

7.8   | 

2.8 

2.8 

2.8 

1.5 

0.0 

|        Cunjlatlv* 

66.9 

75.1 

82.1 

89.7    | 

92.7 

95.6 

98.5 

100.0 

100.0 

[Starch  8/T 

0.00 

0.00 

0.00 

1.00    | 

0.00 

3.50 

2.00 

1.60 

0.00 

|           *    (>5.4   u* 

3.3    | 

0.0 

11.5 

6.6 

5.2 

0.0 

26.6 

| Skin   8/T 

0.00 

0.00 

0.00 

0.00    | 

O.OO 

0.00 

0.00 

0.00 

0.00 

I           %    (>5.4    um 

0.0    | 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

IGram  Mb*1   B/T 

0.00 

0.00 

0.00 

10.00    | 

5.00 

1.50 

3.00 

0.40 

0.00 

I                 \     (>5.4     JT, 

32.8    | 

16.4 

4.9 

9.8 

1.3 

0.0 

65.2 

Faac  «(>5.4   km 

38.1    | 

16.4 

16.4 

16.4 

6.6 

0.0 

91.6 

>lr«bl«  Fraction  ■ 


Table   67. 


SIZE  CLASSES.   MICRONS 

<2.7 

2.7- 

3.B- 

5.4- 

7.6- 

10.6- 

15.3- 

21-6- 

>30. 

TOTAL 

TOTAL 

AVG  4    | 

|           VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4      [ 

|l/Travw»« 

100.00 

30.00 

27.00 

21.00 

22.00 

17.00 

3. 30 

1.50 

0.13 

222 

65 

|        Overall    \ 

45.1 

13.5 

12.2 

8.5 

9.9 

7.7 

1.5 

0.7 

0.1 

|        Cuiu1»t1t« 

45.1 

58.6 

70.7 

80.2 

80.1 

97.6 

99.3 

99.9 

100.0 

|  Starch  I/T 

0.00 

0.00 

0.00 

1.00 

5.00 

4.00 

1.67 

0.36 

0.00 

|          X  (>5.4  w 

1.5 

7.7 

6.2 

2.6 

0.6 

0.0 

18.6    | 

| Skin  «/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.13 

0.13 

1              *     (>5.4     jr 

0.0 

0.0 

0.0 

0.0 

0.2 

0.2 

0.4    | 

Grain    Ma*1    8/T 

0.00 

0.00 

5.00 

20.00 

17.00 

13.00 

1.67 

1.00 

0.00 

|            X    (>5.4    un. 

30.8 

26.2 

20.0 

2.6 

1.5 

0.0 

81.1     | 

|F*ad  %(>5.4  ur> 

32.3 

33.9 

26.2 

5.1 

2.1 

0.0 

88.7    | 

■Dlrabla   Fraction   -  70.7    PERCENT 
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Table 


SIZE  CLASSES.    MICRONS 


<:.i 

2.7- 

3.e- 

5.4- 

1.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

3.8 

5.4 

7.* 

10.8 

15.3 

21.8 

30.5 

»n 

>5.4 

>5.4 

8 /Tr-a  *•>-»• 

106. 00 

35.00 

23.00 

15.00 

12.00 

3.00 

1.  14 

0.14 

0.00 

195 

31 

Dwell   \ 

54.3 

17.9 

11.  S 

7.7 

6.1 

1.5 

0.6 

0.1 

0.0 

Cunul«tiv» 

54.3 

7!. 2 

84.0 

■1.7 

S7.a 

09.3 

99.9 

100.0 

100.0 

Sui^h  a/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.25 

0.14 

0.00 

0.00 

«  (>S.4  urn 

0.0 

0.0 

0.6 

0.4 

0.0 

0.0 

1.2 

Skin   l/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

\    (>5.A   |J« 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Gr*1n   ita'    l/T 

0.00 

0.00 

3.00 

11.00 

10.00 

2.50 

1.00 

0.14 

0.00 

%   (>5.4  un 

35.2 

32.0 

8.0 

3.2 

0.4 

0.0 

79.6 

FMd  %<>5.4  un 

35.2 

32.0 

8.8 

3.6 

0.4 

0.0 

80.0 

■Dlr«bl«  Faction   • 


Table   69. 


1C.8 


|     10.8- 
|    15.3 


|     15.3- 
I    21.6 


I   21.6-   | 

1   30.5      I 

1      1-00    | 

1        0.6    | 

|    100.0    | 

|      0.00    | 

1        0-0    | 

1      0-20    | 

1        0.8    | 

1      0-60    | 

1        3-1    1 

I        3.1    | 

Ovw»ll    * 

Stiver.  «/T 

*   (>5.4  ^ 
Skin  «/T 

%   (>5.4  urn 

,1    8/T 

\    (>5.4  un 

%(>5.A  un 


■  in 


03.00 
65.3 

65.3 
0.00 

0.00 

0.00 


16.00 
12.  0 

77.3 
0.00 


0.00 
1.00 


87.2 
0.00 

0.0 
0.00 

0.0 
5.50 
21.4 
21.4 


6.50  | 

4.1  | 

91.3  | 
0.00  | 

0.0  | 

0.00  | 

0.0  | 

5.50  | 

J1.4  | 

21.4  | 


10.00  I 

6.3  | 

97.6  | 

2.50  | 

9.7  | 

0.00  I 

0.0  I 

6.50  | 

25.2  | 

35.0  | 


0.00  [ 

0.0  I 

100.0  I 

0.00  I 

0.0  I 

0.00  I 

0.0  I 

0.00  I 

0.0  I 

0.0  I 


IRMOlrabl*  fnactli 


Table   70. 


SIZE  CLASSES.    MICRONS 


<2.7 

2.7- 

3.6- 

5.4-   I 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  % 

VARIABLE 

3.6 

5.4 

7.6      | 

10.6 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

aflravmrnm 

163.00 

IB. 00 

13.00 

13.00   | 

1.40 

0.60 

0.8D 

0.00 

0.00 

211 

16 

Overall    \ 

77.3 

9.0 

6.2 

6.2    | 

0.7 

0.3 

-  0.4 

0.0 

0.0 

Cum.  '«tiv*   \ 

77.3 

86.3 

92.5 

96.7    | 

99.3 

99.6 

100.0 

100.0 

100.0 

Starch  t/T 

0.00 

0.00 

0.00 

0.00    | 

0.20 

0.00 

0.00 

0.00 

0.00 

*    (>5.4    ml 

0.0    | 

1.3 

0.0 

0.0 

0.0 

0.0 

1.3 

Skin  K/T 

0.00 

0.00 

0.00 

0.00   | 

0.00 

0.00 

0.00 

0.00 

0.00 

%  (>5.4  un) 

0.0    | 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Brain  mmI  */i 

0.00 

0.00 

11.00 

13.00    | 

1.20 

0.60 

0.90 

0.00 

0.00 

%   (>5.4   un) 

62.3    | 

7.6 

3.8 

5.1 

0.0 

0.0 

9B.7 

FMd  V>5.4  un) 

92.3   | 

e.e 

3.9 

5.1 

0.0 

0.0 

100.0 

Arabia  Fr-aetien  « 


92.5  Pareant 


Table   71. 


SIZE   CLASSES.    MICRONS 


<2.7 

2.7- 

3.8-   | 

5.*- 

7.9- 

10.9- 

15.3- 

21.6- 

>3C. 

TOTAL 

TOTAL 

AVG   * 

VARIABLE 

3.6 

5.4      | 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

l"nv»TM 

46.00 

10.00 

5.00   | 

1.80 

1.20 

0.60 

0.50 

0.00 

0.60 

55 

* 

Ovwvll    \ 

70.3 

15.3 

7.9   I 

2.9 

1.9 

o.c 

0.9 

0.0 

0.8 

CU*u1«t1v*  % 

TO.3 

85.6 

93.3 

M.O 

97.9 

98.5 

99.4 

99.4 

100.0 

Starch  l/T 

0.00 

0.00 

0.00   | 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

%  <>5.4   un) 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Skin  t/T 

0.00 

0.00 

O.OO   | 

0.00 

O.OO 

0.00 

0.00 

0.00 

0.00 

%  (>S.*   un) 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Gr»ln   MmI    l/T 

0.00 

0.00 

3.50   1 

1.90 

1.20 

0.40 

0.90 

0.00 

0.40 

t    (>5.4    un) 

1 

40.9 

27.3 

9.1 

13.5 

0.0 

9.1 

100.0 

f«c  t(>5.4  un) 

1 

40.9 

27.3 

9.1 

13.9 

0.0 

9.1 

100. 0 

50 


Table   72. 


SIZE  CLASSES.    MICHCWS 


2.7-   |      3.8-   |      5.*-   |      7.6-   |    10. »-    |    15.3- 
3.6      |      5.4      |      ?.•      |    10. a      |    IS. 3      |    21.6 


21.6-   |      >30.    |   TOTAL 


30.5 


I 


8/Ti 


Offul«t1v«   X  j 

Starch  »/T  | 

%  <>5.4  t»)  | 

Wn  8/T  | 

%  (>5.4  ua)  | 

Qr-.tr,    MMl    8/T  | 

X  (>5.4  u»)  | 

'*   %(>5.4  W)  | 


|    SI. 00    I    14.00    I      B. SO   |     4.00    |      3.25   I      2.00    I 


Tl.I    | 

71.3    | 
0.00   | 


12.3  | 
S3. 7  | 
0.00    I 


7.5  I 
91.1  | 
0.00    | 


0.00    |      0.00    |      0.00   | 

I         I         I 

0.00    I      0.00    I      0.50    | 


3.5  |         2.B    |         l.S    | 

S4.7  I      "" 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

1.33  | 

33.1  | 


S7.5 

0.00  | 

0.0  I 

0.00  I 

0.0  I 

3.00  | 

2a. i  | 


1.60    I 

15.9 

15.9 


o.so 

0.5 
98.  B 
0.40 

4.0 
0.00 

0.0 
0.20 


0.20    |  0.00    | 

0.2   |  0.0   | 

100.0    |  100.0   | 

0.20   |  0.00   | 

2.0   |  0.0   | 

0.00   |  0.00    | 

0.0  |  0.0  1 
0.00   | 

0.0   1 

2.0   | 


0.00    I 
0.0    I 

0.0    I 


■C^rioi*   Fraction   - 


Table   73. 


VARIABLE 


I 


SHE  CLASSES.    WICRONS 


|    <2.7      |      2.7- 


3. 8-   |      5.4-   | 


|      3. a      |      S.4      |      7.6 


7.6-    |    10.8-    |    15.3-    |    21.6- 
10. a      |    15.3      I    21.6      |    30. S 


|      >30.     |    TOTAL 
I  I      All 


Oanjlativa  %    | 
Stanch  «/T  | 

*   (>5 


1100.00  |  21.00  |  IS. 00  |  10.00  | 

60.2  |  12.6  |  11.4  |  1.0  | 

60.2  |  72. 8  1  64.2  |  90.2  | 

0.00  I  0.00  j  0.00  j  0.00  I 


SK1n  S/T 


I 


*  <>5.4  um)  | 

Oram  Ital   lA  t 

X  (>5.4  ixO  ! 

FMd   *(>5.4   urn)  | 


|      0.00   |      0.00    | 


0.00    j      0.00   | 


■Olrabla  Fraction   ■ 


0.00    I  0.00  I 

I  o.o  I 

2.00   |  10.00  I 

I  M-1  I 

I  36.1  | 


6.00  | 

3.6  | 

as. a  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

6.00  | 

22.9  | 

22.9  | 


5.00  ! 

3.0  | 

96.6  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

5.00  | 

19.0  | 

19.0  | 


3.25  | 

2.0  | 

96.6  | 

O.SO  | 

1.8  I 

0.00  ! 

0.0  | 

2.75  | 

10.5  | 

12.4  | 


1.67  |  0.33  | 

1.0  |  0.2  | 

99.6  |  100.0  | 

0.00  |  0.17  | 

0.0  |  0.6  j 


0.00 

0.0  | 

1.67  | 

6.4  | 

6.4  i 


0.00  I 

0.0  I 

0.17  | 

0.6  | 

1.3  I 


|      97.5 
|    100.0 


Table   74. 


SIZE  CLASSES.   MICRONS 

5.4- 

7.0-  | 

io.  a- 

18-3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  X    | 

VARIABLE 

I 

3. a 

5.4      | 

7.S 

10.9      | 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4        | 

I/TnvM. 

[164.00 

17.00 

11.00   | 

9.50 

10.50   | 

13.00 

6.00 

2.75 

0.50 

234 

42 

I 

Ovmr.~-    \ 

|      70.0 

T.3 

4.7 

4.1 

4.5   | 

5.5 

2.6 

1.2 

0.2 

1 

Cuiu1«t1v»  X 

|      70.0 

77.3 

S2.0 

66.0 

90.5    | 

96.1 

90. 6 

99.9 

1 

|      0.00 

0.00 

1.00 

0.50 

1.50    | 

2.50 

3.00 

1.2S 

1 

1 

1.2 

1.6  | 

5.9 

7.1 

1.0 

0.6 

21.3    | 

0.00 

0.00 

0.00 

0.00    | 

0.00 

0.00 

0.00 

1 

I 

0.0 

0.0   | 

0.0 

0.0 

0.0 

0.0 

0.00 

2.00 

0.00 

9.00   | 

5.50 

3.00 

1.50 

1 

21.3 

21.3   | 

13.0 

7.1 

3.6 

0.6 

r*ad   %<>5.4   un) 

1 

22.S 

24.9    | 

10.9 

14.2 

6.5 

1.2 

86.:   | 

I   fajaoTabla  Fraction  • 


Table   75. 


SIZE 

CLASSES.    KICfCNS 

5.4-   | 

7.6-    | 

10-6- 

15.3- 

21.6-   | 

>30. 

TOTAL 

TOTAL 

AVG  X   ! 

VARIABLE 

I 

3.8 

5.4 

7.6      | 

10.9      | 

18. 3 

21.6 

30.5 

All 

>S.4 

>S-4        | 

6/TffWFW 

1 101.00 

22.00 

14.00 

12.00   | 

9.50   j 

5.50 

2.00 

1.30 

0.00 

188 

29 

1 

Overall    X 

|      80.7 

13.2 

9.4 

7.2   | 

1.1    | 

3.3 

1.2 

0.9 

1 

74.0 

82.4 

■9.6   | 

94.7   | 

98.0 

99.2 

100.0 

100.0 

1 

0.00 

0.00 

0.00   | 

1.50    | 

3.00 

0.87 

0.00 

0.00 

1 

0.0   | 

1.1     | 

10.2 

2.1 

0.0 

0.0 

17.6    | 

0.00 

0.00 

0.00   | 

O.SO   | 

0.50 

0.00 

0.13 

0.00 

1 

|               \    (>S.4    un) 

I 

0.0   | 

1.7    | 

1.7 

0.0 

0.4 

0.0 

!-•   1 

1    Grain    W>1    8/T 

|      0.00 

0.00 

5.00 

12.00   | 

7.50   | 

2.00 

1.00 

0.28 

0.00 

1 

I 

41.0   | 

21.6   | 

6.8 

1.4 

0.9 

0.0 

77.6    | 

|   FMd  t(>5.4  u») 

I 

41.0   | 

30.7    | 

17.1 

5.7 

0.9 

0.0 

95.3    | 

■Di'ib"'»  Fraction  - 
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Table   76. 


SIZE  CLASSES.    MICRONS 


<2.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

3.8 

5.4 

7.6 

io.  a 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4 

B/Trav*rM 

35.00 

16.00 

17.00 

13.00 

12.00 

11.00 

a.  oo 

1.00 

0.20 

108 

40 

CMrali  \ 

32.3 

u.t 

15.7 

12. 0 

11.1 

10.2 

2.8 

0.9 

0.2 

Cumulvtiv*  I 

32.3 

47.1 

62    B 

74.9 

66.0 

96.1 

99.9 

99.8 

100.0 

Starch  8/T 

0.00 

0.00 

0.00 

0.00 

1.00 

2.00 

0.00 

0.20 

0.20 

%  (>5.4  urn) 

0.0 

2.5 

5.0 

0.0 

0.5 

0.5 

9.5 

SMn   8/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

*   <>5.4   wn) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Grain  MMl    l/T 

0.00 

0.00 

5.00 

11.00 

11.00 

S.00 

2.50 

o.to 

0.00 

%    <>5.4    um) 

27.4 

27.4 

22.4 

6.2 

2.0 

0.0 

95.3 

FM  \<>5.4  urn) 

2T.4 

29.9 

27.4 

5.2 

2.5 

0.5 

93. S 

■Oirabla  Fraction    - 


Table    77. 


SUE  CLASSES.    MICRONS 


2.7-   |      3.9-   |      5.4-   |      T.5 


3.8 


5.4      I      T.6      |    10.9 


|    10.9- 
t    15.3 


|    16.9-    |    21.6- 
|    21.6      |    30.5 


TOTAL 

>5.4 


OjnjistMvw   \ 

Starch  l/T 

%  <>5.4  um) 

Skin   8/T 

%   (>5.4   um) 

Grain  MmI    */T 

%  (>5.4  m) 

FMd  %<>5.4  um) 


102.00 
59.7 
59.7 
0.00 

0.00 


23.00  |  14.00  |  12.00  | 
13.5  |  9.2  |  7.0  | 
51.3  1 
0.00   | 


73.1    | 

0.00    I 


I 


0.00   I      0.00    I 


0.00  I 
0.0   I 

0.00  I 
0.0   I 


1C.00  I 

5.9  | 

94.2  | 

0.00  | 

0.0  I 

0.00  I 

0.0  I 


7.00    1      2.50  |  0.35 

1.5  |  0.2 

99. 9  |  100.0 

0.50  |  0.00 


0.00    |    14.00    |    12.00   |    10.00   | 


t 

96.3  | 

2.00  | 

6.3  | 

O.OO  | 

0.0  I 

5.00  | 

15.7  | 


1.6  | 

0.00  | 

0.0  | 

2.00  | 

6.3  | 


31.3   |      21.9    |        7.9   | 


0.05  ! 

0.0  | 

100.0  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

0.05  | 

0.2  | 

0.2  | 


|    ftMDlrabla   Fraction  • 


Table   78. 


SIZE  CLASSES.   MICRONS 


VARIABLE 


I 


3.6-   |      5.4-   | 
5.4      |      7.6      1 


7.6-   |    10.5-   I    15.3- 
10.9      |    15.3      |    21-6 


1.6-   |      >30.    |   TOTAL 
3.5      |  I      All 


8/T  ravaraa 

Ov*-«-n  %  | 

Cumulative  \  I 

Search  S/T  I 

%   (>5.4  um)  | 

Skin   B/T  | 

\   (>5.1    um)  I 

Grain  MmI    8/T  | 

%   (>5.4  um)  | 

FmC  *(>5.4  um)  | 


115.00    |    ; 
57.3    | 
57.3    | 
0.00    I 

I 

o.oo  ! 

I 

0.00    I 


66.2    I 
0.00    | 


76.2    | 
0.00   | 


18.00    |    10.00    | 
9.0    |        5.0    | 
I 


0.00   |      9.00    | 


2.00  | 

4.6  | 

0.00  | 

0.0  | 


0.00  | 

0.0  1 

0.00  I 

0.0  i 


15.00  |  10.00  | 
34.2  |  22.9  | 
35.9    |      22.8    1 


8.00  | 

4.0  | 

96.1  | 

3.00  | 

6.8  | 

0.00  | 

0.0  | 

5.00  | 


11.i 


4.67  | 

2.3  | 

99.4  | 

2.00  | 

4.6  I 

0.00  | 

0.0  | 

2.67  | 


2.00  |  1.20  | 

1.0  |  0.6  | 

99.4  |  100.0  | 

1.S0  I  0.20  I 

3.6  |  0.5  | 

0.00  |  0.60  ! 

0.0  |  1.4  | 

0.20  !  0.40  | 

0.5  |  0.9  | 


18.2    |      10.6   |        4.1    | 


|    TOTAL 
I    >5.4 

AVG  *    | 
>S.4       | 

1           ** 

20.1    | 

1.4     | 

75.8  | 

95.9  | 

■Olnabla   Fnact1< 


Table   79. 


SIZE  CLASSES.   MICRONS 


2.7-    |      3.9-   l      5.4-    |      7.6-   |    10.9-   |    15.3-   1    21.6-   I      >30.    |    TOTAL 
3.9      |      5.4      |      7.6      |    10.9      |    15.3      I    21.6      |    30.5 


I 


|      All 


8/TravrM 
Owwrall    ' 

Starch  B/T 

*  (>5.4 
Skin   B/T 

\    <>5.4 
Grain  MmI    I 

*  (>5.4 
FMd  %(>5.A 


1107.00  |  31.00  |  25.00  |  26.00  |  12.00  |  12.00  | 


48.4 
48.4     | 
0.00    | 


1.0  I 
62.4    | 

0.00   1 

.1 

0.00    I 

I 

2.00   i 
I 

I 


5.50    I 
2.5   | 


.3   |  11.7  |  5.4  |  5.4    | 

73.7    |  55.4  |  90.8  |  96.2    I  99.7    | 

0.00    I  1.00  I  0.00  I  2.00   |  1.00    | 

|  1.7  |  0.0  |  3.*    |  1.7    | 

0.00    |  0.00  |  0.00  |  0.00    |  0.00    | 

|  0.0  1  0.0  I  0.0    I  0.0    I 

14.00    I  25.00  I  12-00  j  10.00    I  4.50   | 

|  42.9  |  20.6  |  17.2   |  7.7   | 

|  44.6  |  20.6  1  20.6   |  9.4    | 


2.20   |  0.60  | 

1.0   |  0.3  | 

99.7    |  100.0  | 

0.40    |  0.20  | 


0.7  | 

0-20  | 

0.3  | 

1.50  | 


0-3  I 

0.20  | 

0.3  | 

0.20  | 

0.3  | 

0.7  | 


TOTAL 
>5.4 


■blrabla  f 
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Table  80. 


SIZE   CLASSES. 


VARIABLE 


<2.7      |      2.7-   |      3.8- 
|      3.1      |     5.4 


15.3-   |    21.6- 
21.6      |   30.5 


B/Travacaa 
O-w-all   % 

Cumjlatlvai  \ 
Starch  t/T 

%  (>5.4  urn) 
Skin  t/T 

%  (>5.4  urn) 
Grain  Maal   t/T 

4  (>5.4  um) 

r«d   %(>5.4   urn) 


114.00   t    M.OO   1   22.00 
53.4    |      15.9   |      10.3 
69.3    | 
0.00   | 


53.4    | 

0.00    | 


I 

0.00    I 

I 

0.00    I 


I 

0.00    I      0.00 


1.00    I    10.00 


15.00  I  17.00 

7.0  |  8   0 

•6.7  |  94.6 

0.00  |  2.00 

0.0  I  4.6 

0.00  |  0.00 

0.0  |  0.0 

15.00  |  10.00 

34.5  1  23.0 

34.5  |  27.6 


5.0C 
11.5 
IS. I 


4.00  | 

1.9  I 

M.I  | 

1.30  | 

3.0  | 

0.00  I 

0.0  | 

2.70  | 

6.2  | 

9.2  | 


1.40  |  0.60   | 

0.7  |  0.1   | 

90.7  |  100.0    | 

0.40  |  0.14    | 

O.t  |  0.3    | 

O.U  |  0.1*    I 

0.3  |  0.3    | 

0.71  |  0.29    | 

1.6  |  0.7    | 

2.6  |  1.0    | 


1    Raapi rabla  Fraction  - 

79.6   Paroant 

1 

Table    81. 

VISIT    1-4 

|                                                                                                                   SIZE  CLASSES.    M1CRCNS 

<!.7 

2.7- 

3.8- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

3.8 

5.4 

7.6 

10.  B 

15.3 

21.6 

30.5 

All 

>5.4 

>S.4 

S/T<-avwra« 

99.00 

36.00 

37.00 

30.00 

12.00 

10.00 

4.70 

1.10 

0.20 

230 

58 

Overall   \ 

43.0 

15.7 

16.1 

13.0 

5.2 

4.3 

2.0 

0.5 

0.1 

Cumjlatls*  % 

43.0 

51.7 

74. B 

B7.B 

93.0 

97.4 

99.4 

99. 9 

100.0 

Starch  t/T 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

1.00 

0.33 

0.00 

\   (>5.4   ur.) 

0.0 

1.7 

1.7 

1 .7 

0.6 

0.0 

5.7 

5*1  n  tt/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.22 

0.22 

\  (>5.4  un») 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

0.8 

Gr»m  Waal    1/T 

0.00 

0.00 

25.00 

29.00 

11.00 

9.00 

2.00 

0.67 

0.00 

\    <>5.4    ur 

50.0 

19.0 

IS. 5 

3.4 

1.2 

0.0 

B9.1 

Faad  V>5.4   um) 

50.0 

20.7 

17.2 

5.2 

1.7 

0.0 

94. B 

|    Raaolnable  Fraction  ■ 

74.6   Par-cant 

Table   82. 

VISIT   1-5 

|                                                                                                      SIZE  CLASSES.   MICRONS                                                                                                  1 

<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   * 

VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21. S 

30.5 

AIT 

>5.4 

»1.4 

8/Tra^r-aa 

82.00 

20.00 

17.00 

15.00 

21.00 

12.00 

7.00 

1.70 

0.50 

17S 

57 

Overall   \ 

46.5 

11.4 

9.6 

B.5 

11.9 

6.6 

4.0 

1.0 

0.3 

Cumulative  \ 

46.5 

57.9 

67.5 

76.0 

SB.O 

94.  e 

98.8 

99.7 

100.0 

Starch  t/T 

0.00 

0.00 

0.00 

1.00 

7.00 

4.00 

4.00 

0.67 

0.17 

*   (>5.4  um) 

1.7 

12.2 

7.0 

7.0 

1.2 

0.3 

29.4 

Skin   1/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.33 

\   (>5.4  um) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.6 

Qrain  Maal    t/T 

0.00 

0.00 

13.00 

14.00 

14.00 

B.00 

3.00 

1.00 

0.00 

\    (>5.4    um) 

24.5 

34.5 

14.0 

5.2 

1.7 

0.0 

69.9 

Feed  l(>5.4   un) 

26.2 

39.7 

21.0 

12.2 

2.9 

0.3 

99.4 

■oirable  Fraction  ■ 


67.5   Percent 


Table   83. 


SIZE  CLASSES.    MICRONS 


|    <2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>M. 

TOTAL 

TOTAL 

AVG  \ 

VARIABLE 

1 

3.B 

5.4 

7.6 

10.1 

15.3 

21.8 

30.5 

All 

>5.4 

>5.4 

1/Treveree 

1110.00 

40.00 

22.00 

18.00 

10.00 

5.00 

3.30 

1.10 

0.33 

210 

36 

Overall   4 

t      62.4 

16.1 

10.5 

B.6 

4.1 

2.4 

1.6 

0.5 

0.2 

Cumulative  t 

t      52.4 

TLB 

82.0 

90.6 

95.4 

97.7 

99.3 

99.8 

100.0 

Stench  t/T 

|      0.00 

0.00 

0.00 

0.00 

1.00 

0.50 

0.00 

0.00 

0.00 

%  (>5.4  um) 

I 

0.0 

2.7 

1.3 

0.0 

0.0 

0.0 

4.0 

Skin  t/T 

I      0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.22 

*   (>5.4  um) 

I 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.6 

Grain  Meal   l/T 

|      0.00 

0.00 

10.00 

18.00 

9.00 

4.50 

3.30 

1.10 

0.11 

\     (>5.4     jr; 

I 

47.7 

23.9 

11.9 

8.7 

2.9 

0.3 

95.4 

£«e=   *(>5.4  urn) 

I 

47.7 

26.5 

13.3 

6.7 

2.9 

0.3 

99.4 

62.0   PERCENT 


5) 


Table   84. 


I    <2.7 

2.7- 

3.6- 

5.6-   | 

3.0 

5.4 

7.6       | 

(105.00 

27.00 

11.00 

10.00   | 

I       65.  S 

16.8 

6.B 

6-2    | 

|      65.5 

82.4 

69.2 

95. S    | 

|      0.00 

0.00 

0.00 

0.00   | 
0.0   | 

|      0.00 

0.00 

0.00 

0.00    | 
0.0   | 

|      0.00 

0.00 

o.oo 

2.00    | 
11.6   | 
11.6    | 

SI7E  CLASSES.    MICRONS 


7.6-    |    10.8-    |     15.3- 
10.8      |    15.3      |    21.6 


2.40  | 

1-5  I 

96.9  | 

0.40  | 

2-3  I 

0.00  | 

0.0  | 

0.20  | 

1.1  | 

I.I  | 


2.00  | 

1.2  | 

SB. 2  | 

1.50  | 

1.7  | 

0.00  | 

0.0  | 

0.33  | 

1.9  | 

10.6  | 


0.00 

0.0 
0.00 

0.0 
0.33 

1.9 

1.9 


21. 6-    |      >30.    |    TOTAL 
30.5      |  |      All 


0.42    | 

0.3  I 
100.0  I 
0.00    I 

0.0  I 
0.26    | 

1.4  | 
0.06    | 

0.5    | 


0.5 


■Mpabla  Fraction  ■ 


Table   85. 


SIZE  CLASSES.   MICRONS 


3.6      | 


3.6-   |      5.4-   |      7.6-   |    10.6-    i    15.3- 
5.4      |      7.6      |    10.6      |    15.3      |    21.6 


21.6-   |      >30. 
M.S      | 


104.00 
53.6 
53.6 

0.00 

0.00 
0.00 


26.00   |  16.00   |  16.00  |  17.00  |  6.00  I 

11.4    |  9.3    |  6.3  |  I.I  |  3.1  j 

66.9   |  76.2   |  65.5  |  64.2  |  S7.3  | 

0.00    |  0.00    |  0.00  |  4.00  j  1.50  | 

|  I  0.0  |  1.7  |  3.2  | 

0.00   |  0.00   1  O.OC  |  0.00  !  0.00  | 

|  |  0.0  |  0.0  |  0.0  | 

0.00    |  10.00   I  16.00  |  13.00  I  4.50  I 

[  |  39.0  |  28.2  |  S.7  | 

|  |  39.0  |  36.1  |  13.0  ( 


2.7 

0.00 
0.0 

2.25 
4.9 
7.6 


1.40  |  0.26 

0.7  |  0.1 

99.9  |  100.0 

0.42  |  0.00 

0.6  |  0.0 

0.14  |  0.26 

0.3  |  0.6 

0.71  |  0.00 

1.5  |  0.0 

2.4  |  0.0 


wslnabla  Fraction  ■ 


76.2 


Table  86. 


SIZE  CLASSES.   MICRONS 


<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  X 

VARIABLE 

3.8 

S.4 

7.6 

10.6 

15.1 

21.6 

30.5 

All 

>5.4 

>5.4 

S/Travwaa. 

57.00 

19.00 

12.00 

8.00 

4.50 

6.00 

5.50 

3.67 

0.00 

116 

26 

Ow.-:    \ 

49.3 

16.4 

10.4 

6.9 

3.9 

5.2 

4.8 

3-2 

0.0 

Cunj1«t1v«  % 

46.3 

65.7 

76.1 

83.0 

66.9 

•2.1 

96. 8 

100.0 

100.0 

Starch  I/T 

0.00 

0.00 

3.00 

1.00 

1.00 

2.00 

1.50 

1.66 

0.00 

*  C>5.4  m) 

3.6 

3.6 

7.2 

5.4 

6.0 

0.0 

25.9 

Skin  6/T 

o.oo 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

%  (VS.*  i*0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Grain  Maal   8/T 

0.00 

0.00 

0.00 

0.00 

0.00 

1  .50 

2.50 

1.00 

0.00 

\     (>5.4    UK) 

0.0 

0.0 

5.4 

9.0 

3.1 

0.0 

18.1 

Faad  V>5.4  kh) 

3.6 

3.6 

12.6 

14.5 

9.6 

0.0 

43.9 

■olrabla  Fraction  ■ 


Table  87. 


SIZE  CLASSES.   MICRONS 

<2.7 

2.7- 

3.6-   | 

5.4-    | 

7.6-    | 

10.6- 

15.3- 

21.6- 

>». 

TOTAL 

TOTAL 

AVG  \    | 

VARIABLE 

3.8 

5.4      J 

7.6      | 

10.8      | 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4      | 

1/T  raw** 

31.00 

10.00 

17.00   | 

5.00   | 

7-00    | 

2.00 

1.70 

1.T0 

O.OO 

TS 

17 

Overall   \ 

41.1 

13.3 

22.5   | 

6.6   | 

8.3   | 

2.7 

2.3 

2.1 

0.0 

Oaajlatlvs  « 

41.1 

54.4 

76.9   1 

93.6   | 

•2.6   | 

95.5 

97.  T 

100.0 

100.0 

Starch  I/T 

0.00 

0.00 

0.00   ; 

1.00   | 

2.00    | 

0.11 

0.50 

0.25 

0.00 

%  (>5.4    urn) 

i 

S.7   | 

11.5    | 

1.9 

2.9 

1.4 

0.0 

23.4   | 

Skin  1/T 

0.00 

0.00 

0.00    i 

0.00   | 

0.00    | 

0.00 

0.00 

0.00 

0.25 

•j  (>5.4    m) 

0.0   | 

0.0    | 

0.0 

0.0 

0.0 

1.4 

1.4    | 

Oram  Hm<   i/T 

0.00 

0.00 

0.00   | 

0.00    | 

0.00    | 

0.00 

0.66 

0.25 

0.75 

%  OS. 4   i*0 

! 

0.0   | 

0.0    | 

0.0 

I.I 

1.4 

4.1 

9.5    | 

Faad  *(>5.4  urn) 

1 

5.7    | 

11.5   | 

1.9 

6.7 

2.8 

4.1 

33.0    | 

»oli-#6l«  Fraction  ■ 
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Table 


Skin   8/T 

%   (>5.4  . 
Qrmin  »*■•'   I, 

*  (>5.4  i 

FM    %(>5.4    t 


I  3.1  |  1.4 

67. DO    |  24.00  |  11.00 

39. 1    j  14.0  |  10.5 

39.;    |  53.2  |  S3. 7 

C.OC    ]  0.00  I  0.00 

I  i 

0.00    |  0.00  |  0.00 

I  I 

O.OO   |  0.00  |  0.00 

I  I 


SIZE  CLASSES.    *ICRONS 


5.4-  |    7.6-  i  10.6- 

7.6      I    10.1      f    IS. 3 


15.00   )    11.00    | 
6.6   |       6.4    | 


72.5  | 

2.00  ! 

3.2  | 

0.00  I 

0.0  I 

0.00  I 

0.0  I 

3.2  | 


76.9  | 

2.00  | 

3.2  | 

0.00  | 

0.0  | 

1.00  ! 

1.6  | 

it  | 


t    IS. 3-    I 

|    21.6      | 

|     14.00     | 

1        ••>   | 

1      *3.0    | 

I    10.00    | 

I      16.1    | 

|       0.00     | 

1        0.0   | 

1      *   00    i 

1        S.i    | 

1      22-*    1 

30.5 


|      >30.    |    TOT*. 
I  I      AH 


12.00   |  0.00    | 

7.0   |  0.0   | 

100.0    |  100.0    | 

9.00    |  0.00   t 

14. S   (  0.0   | 

0.00   |  0.00   | 

0.0   I  0.0   1 

3.00   |  0.00    | 

4.6   |  0.0    | 

16.4    |  0.0   | 


45.2 
O.C 

16.  1 


[    RtWQlr-jtol*   Fraction   • 


Table  89. 


SIZE  CLASSES.   MICfOe 


<2.7 

2.7- 

3.6- 

5.4- 

7.6- 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   * 

VARIABLE 

3.6 

5.4 

7.6 

10.6 

15.3 

21.6 

30.5 

All 

>S   4 

>5.4 

»/Trivtn« 

78.00 

35.00 

16.00 

15.00 

15.00 

17.00 

11.00 

11.00 

0.00 

200 

69 

Owwall   \ 

39.0 

17.5 

9.0 

7.5 

7.5 

6.5 

5.5 

5.5 

0.0 

ojruiati^  % 

39.0 

56.  5 

65. 5 

73.0 

60. S 

66.0 

64.5 

100.0 

100.0 

Starch  8/T 

0.00 

0.00 

0.00 

3.00 

6.00 

11.00 

3.00 

0.75 

0.00 

*    (>5.4   u*tO 

4.3 

8.7 

15.  B 

4.3 

1.1 

0.0 

34.4 

Skin  8/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

*     (>5.4     UTT>) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Grain  MnI    8/T 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

1.50 

1.S0 

0.00 

\   (>5.4  urn) 

0.0 

0.0 

1.4 

2.2 

2.2 

0.0 

5.6 

FwmS  V>5.4  im) 

4.3 

B.7 

17.4 

6.5 

3.3 

0.0 

40.2 

Melrabl*  Fractio-i  * 


Table   90. 


78.5   B»ne»w 


Table   91. 


I      3.6      |      5.4 


5.4-   |     7.6-   |    10.6-   |    15.3- 
7.6      |    10.6      |    15.3      |   21.6 


30.5 


|      >30.    1   TOTAL 


75.00    |    47.00  |  34.00 

35.6    |      23.6  |  18.3 

58.4  |  74.8 

0.00  I  2.00 


35.6    | 


I 

0.00    I      0.00   I 


0.00 


18.00    (    18.00   | 
6.6   |        6.1    | 


■  3.3  I 

3.00  | 

8.7  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 

S.T  | 


82.3  | 

5.00  | 

6.4  | 

O.OO  I 

0.0  I 

0.00  I 

0.0  I 

9.4  | 


9.00  | 

4.3  | 

•6.7  | 

3.00  | 

5.7  | 

0.00  | 

0.0  I 

1.00  | 

1.9  | 

T.I  I 


Q.00 
0.0 

0.33 
0-6 
2.5 


3.70  |  0.00  ! 

1.6  |  0.0  | 

100.0  |  100.0  | 

0.33  |  0.00  | 


0.6  | 

0.00  I 

0.0  I 

1.33  | 

2.5  ) 

3.1  | 


0.0  | 
l.M   | 

3.1  | 
0.00    I 

0.0   I 

0.0    I 


74.6    PERCENT 
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Table  92. 


SIZE   CLASSES, 


2.7- 

3.8- 

5.4- 

7.6- 

10.8- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG   \     I 

VARIABLE 

3.6 

5.4 

7.6 

10.8 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4        | 

i/r^vrw 

57.00 

36.00 

41.00 

31.00 

20.00 

15.00 

12.00 

5.00 

0.00 

219 

63 

Overall    X 

26.0 

17.4 

16.7 

14.2 

9.1 

6.6 

5.5 

2.3 

0.0 

! 

Cunjlatlva   K 

26.0 

43.4 

62.1 

76.3 

•5.4 

92.2 

97.7 

100.0 

100.0 

I 

0.00 

0.00 

5.00 

6.00 

6.00 

6.00 

5.00 

2.00 

0.00 

I 

%  (>5.4  m) 

0.6 

7.2 

7.2 

6.0 

2.4 

0.0 

32. S   ( 

Skin   t/T 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

0.00 

I 

0.0 

0.0 

0.0 

0.0 

1.2 

0.0 

1.2    | 

Grain  NmI    I/T 

0.00 

0.00 

0.00 

0.00 

4.00 

3.00 

4.00 

1.S0 

0.00 

1 

\   (>5.4   un) 

0.0 

4.8 

3.6 

4.8 

1.8 

0.0 

15.1    | 

FMd   %C>5.4    jr.; 

9.6 

12.0 

10.6 

10.6 

4.2 

0.0 

47.6    | 

■  □-■-«D'i»   Fraction   ' 


Table  93. 


SIZE  CLASSES.    MICRONS 


-   I    15.3-   I   21.6- 
|   21.6      |   30.5 


>30.     |    TOTAL    |    TOTAL 
[      All       I    >5.4 


i/Tfi 


Owwall   * 

Cutulativa   %  | 

Starch  «/T  | 

%  (>5.4  un)  | 

Skin   1/T  | 

%   <>5.4   un)  | 

(Jr*1n   NmI    »/T  | 

x  (>5.4  m)  I 

Faad  %(>5.4   un)  | 


|  99.00 
47.0 
4-J.D 
0.00 


0.00 
0.00 


28.00    | 
13.3   | 


0.00    I 

I 

0.00    I 


fc.00 
7.6 

86.0 

1.00 
2.2 

0.00 
0.0 

CO: 

0.0 
2.2 


14.00  | 

«.7  | 

92.6  | 

2.50  | 

5.5  | 

COO  I 

0.0  I 

0.00  I 

0.0  I 

5.5  | 


9.00    | 

4.3  | 
96. S  | 
2.00    | 

4.4  j 
0.OO    | 

0.0  I 
2.00  | 
4.4    | 

8.8     | 


4.30  1  2.20  !      0.00    | 

2.0  |  1.0  |  0.0  | 
99.0  |  100.0  |  100.0  | 
0.66  |  0.50  I      0.00   | 

1.5  |  1.1  |  0.0  | 
0.00  I  0.50  |      0.00    | 

0.0  |  1.1  | 

1.66  |  1.50  I 

3.6  |  3.3  | 

5.1  |  4.4  | 


0.00    ! 
0.0    I 

0.0     I 


virion  Frac 


Table   94. 


|    <2.7      I      2.7-   |      3.8-   | 
I  I      3.6      |      5.4      | 


5.4-   |      7.6-   J    10.6- 
7.6      |    10.8      1    15.3 


|    15.3- 
|    21.6 


Ovwrall    * 

Cunjlatlva   %    | 

Starch  «VT  I 

\  (>5.4  un)    J 

Skin  8/T  ( 

%  (>5.4  m)  i 
Grain  mmi  i/t    I 

%   (>5.4   un)    | 
Faad  *<>5.4  in)    f 


1101.00  I  33.00  1  20.00  |  13.00  |  10.00  |   4.30  |   1.60  |   1.40  |   0.70  |    185 


54.6 

54.6  | 

0.00  I 


•Dlrabla    ?rm 


72.4    | 
0.00    | 


10.8  I 
63.2  | 
1.00    | 


0.00    I      0.00    I      0.00    I 

I  I  I 

0.00    I      0.00    I    16.00    I 


7.0  | 

90.3  | 

2.00  | 

6.5  | 

0.00  | 

0.0  I 

9.00  | 

29.0  | 

35.5  | 


5.4  | 

95.7  | 

3.00  | 

9.7  | 

0.00  | 

0.0  I 

7.00  I 

22.6  | 

32.3  | 


2.3  I 
98.0  | 
2.00  j 

6.5  | 

0.00  | 

0.0  I 

2.30  | 

7.4  [ 
13.9  | 


0.9  | 

98.9  | 

0.83  | 

2.7  | 

0.00  I 

0.0  I 

1.00  I 

3-2  I 

5-9  | 


0.8    1 


I 


0.7' 

2.3  | 

0.00  I 

0.0  I 

0.71  | 


j    100.0  I 

0.2B  | 

0.9  | 

0.14  | 

0.5  | 

0.28  | 

0.9  | 

1.6  | 


Table   95. 


SIZE 

CLASSES.   MICRONS 

5.4-   | 

7.6-   1 

10.6- 

15.3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \    l 

VARIABLE 

1 

3.8 

5.4 

7.6      | 

10.6      | 

15.3 

21.6 

30.5 

All 

>5.4 

1127.00 

20.00 

14.00 

10.00   1 

2.75    | 

2.13 

0.10 

0.70 

0.20 

1TI 

17 

|           Overall   \ 

|      71.5 

11.3 

7.9 

5. 5   | 

1-5   | 

1.2 

0.5 

0.4 

0.1 

|           emulative  « 

|      71.5 

82.  e 

90.7 

96.3    | 

97.8   | 

99.0 

99.5 

99.9 

100.0 

|      0.00 

0.00 

0.00 

1.00   | 

0.00   | 

0.00 

0.20 

0.20 

0.10 

1 

5.0   | 

0.0 

0.0 

1.2 

1.2 

0.9 

|      0.00 

coo 

0.00 

0.00   ! 

0.00 

0.00 

0.10 

0.10 

0.00 

1 

0.0   | 

0.0 

0.0 

0.6 

0.6 

0.0 

|   Oram  MmI   8/T 

!      0.00 

0.00 

11.00 

9.00    | 

2.75 

2.13 

0.50 

0.40 

0.10 

|            \   (>5.4  un) 

I 

54.3    | 

16.6 

12.8 

3.0 

2.4 

o.s 

|    FmC  V>5.4   un) 

1 

60.3    | 

16.6 

12.8 

4.2 

3.6 

1.2 

|    fa»oirabla  Fr<act1v>   ■ 
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Table   96. 


SUE   CLASSES.    MICRONS 


|    15.3-    |    21-6- 
|    11. I      |    30.5 


O— r«-  ■    * 

Cunulatlva  % 
Starch  8/T 

%  (>5.4  urn) 
|   Skin  8/T 

*  (>5.4  urn) 
|   Oram  MmI   8/T 

%  (>5.*  un) 

td  *>5.A  MM) 


|    RMolrabla   Fraction   ■ 


<2.7      I      2.7-  |      3.6-  |  5.4-  |  7.6-   |  10.6- 

|      3. B  |      5.4  |  7.6  |  10.1      |  15.3 

■106.00    |    24.00  |    20.00  |  13.00  |  15.00    |  u.00    |    11.00    |      3.70    | 

11.8  |        8-8  |  8.2  |  7.2    |  8.7    j 


>30.    |   T0T4J.   I 


$1.7    | 
O.OO    I 


0.00    I      0.00    I      0.00    I 


79. 1  | 

0.00  | 

0.0  | 

0.00  | 

0.0  | 


2.00  1 

3.5  | 

0.00  I 

0.0  I 


83.0  | 

2.00  | 

3.5  | 

0.00  I 

0.0  I 


1.00    I   20.00    |    13.00   |    13.00    |    12.00    |      7-00    | 

|  |      22.8    |      22.8    |      21.2    I      12.3    | 

|      22.9    |      28.5   |      24.7    |      19.4    I 


0.00   | 

5.3    |        1.9  |       0.0   | 

99.2    |    100.0  |    100.0    | 

4.00    |      2.30  |      0.00    | 

T.I    |         4.1  | 

0.00  I 

0.0  [ 

1.30  | 


0.00   | 
0.0   | 


2.3 
6.3   1 


0.0  | 

0.00  I 

0.0  I 

0.00  I 

0.0  i 

0.0  I 


Table  97. 


SIZE  CLASSES.    MICRONS 


[   Starch  a/r 

I  *    OS.4 

I    Skin   8/T 
I  \    C>5-4 

|    Gram  MmI    I 
|  *  OS. 4 

|    FMd  V>5.4 


<2.T      |       2.7-    |      3.8-    |      5.4-    | 


10. B-    |     15.3-    |    21.6- 
15.3      |    21.6      |    30.5 


102.00    I    42.00    I    26.00    |    24.00    |     19.00    |     14.00    |     10.00    |       2.40 


42.6    |  17.5    I  10.9    |  10.0  |  7.S  | 

42.6    |  60.1    |  71.0    |  81.0  |  68.9  | 

0.00    |  0.00   1  0.00   |  2.00  |  0.00  | 

|  |  I  2.9  |  0.0  | 

0.00    [  0.00    I  0.00    I  0.00  I  0.00  I 

I  I  I  0.0  I  0.0  I 

0.00    I  0.00    I  23.00    I  22.00  |  19.00  I    11.00    | 

|  |  |  31.6  |  27.3  |      15.8    | 

|  |  |  34.5  |  27.3  |      20.1    | 


5-9  | 

94.7  | 

3.00  | 

4.3  | 

0.00  | 

0.0  | 


4.2    I 
96.9    | 

3.00    | 


10.1    | 
14.4    | 


99.9 

0.60 
0.9 

0.20 


0.20    |        240 

I 


100.0  I 
0.00    j 

0.0  I 
0.00    I 

0.0  I 
0.20    I 

0.3    | 

0-3    | 


irabla   Pr»ct1on   ■ 


71  .0 


Table   98. 


SIZE  CLASSES.    MICRC 

NS 

5.4-   | 

T.6-   I 

10. 8- 

IS. 3- 

21.6- 

>30. 

TOTAL 

TOTAL 

AVG  \    | 

|              VARIABLE 

1 

3.6 

5.4 

7.6      | 

10.8      | 

15.3 

21.6 

30.5 

AH 

>5.4 

>5.4      | 

[103.00 

48.00 

18.00 

14.00    ! 

26.00   | 

17.00 

15.00 

2.00 

0.60 

264 

75 

1 

I          Overall  % 

|      42.3 

18.7 

7.4 

8-7   1 

10.7 

7.0 

6.2 

0.9 

0.2 

1 

|      42.3 

62.0 

69.4 

T5.1    | 

65.8 

82.8 

98.9 

98.6 

100.0 

1 

|    Starch  8/T 

|      0.00 

0.00 

0.00 

0.00    | 

7.00 

11.00 

8.00 

1.00 

0.60 

1 

1 

0.0    | 

9.4 

14.7 

10.7 

1.3 

O.B 

|      0.00 

0.00 

0.00 

0.00   | 

0.00 

0.00 

0.00 

0.00 

0.00 

1 

|                     %     (>5.4     JT,. 

1 

0.0   | 

0.0 

0.0 

0.0 

0.0 

0.0 

|      0.00 

0.00 

16.00 

14.00    | 

19.00 

6.00 

7.00 

1.00 

1 

19.6   | 

25.5 

6.0 

9.4 

1.3 

0.0 

|    FMd  V>5.4  un} 

! 

18.9    | 

34.8 

22.6 

20.1 

2.7 

O.B 

»□*  "-»□'!•    Fraction  • 


Table   99. 


SIZE  CLASSES.   MICRONS 

3.8- 

5.4-    | 

7.6-    | 

10.6- 

15.3- 

21.8- 

>30. 

TOTAL 

TOTAL 

AVG  \    | 

VARIABLE 

1 

3.6 

5.4 

7.6 

10.6      | 

15.3 

21.6 

30.5 

All 

>5.4 

>5.4      | 

8/Trav*rM 

1105.00 

45.00 

34.00 

35.00 

25.00   ! 

10.50 

2. SO 

1.38 

0.50 

259 

75 

Ovw-all   % 

|      40.6 

17.* 

19.1 

13.5 

8.7    | 

4.1 

1.0 

O.S 

0.2 

Cumulative  % 

|      40.6 

57.9 

71.1 

64.6 

84.3   | 

86.3 

96. 3 

86.6 

100.0 

|    Starch  i/T 

|      0.00 

0.00 

0.00 

1.00 

4.00    1 

3.00 

0.75 

0.50 

0.00 

|            *  (>5.4  um) 

I 

I.J 

8.3   1 

4.0 

1.0 

0.7 

0.0 

|   Skin  8/T 

|      0.00 

0.00 

0.00 

0.00 

0.00    | 

0.00 

0.00 

0.00 

0.13 

|            \   (>5.4  urn) 

I 

0.0 

0.0    | 

0.0 

0.0 

0.0 

0.2 

|    0r»1n   MmI    8/T 

|      0.00 

1.00 

32.00 

34.00 

21.00    | 

7.50 

1.T8 

0.88 

0.36 

|            t  (>5.4  urn) 

I 

48.4 

28.0   | 

10.0 

2.3 

1.2 

0.5 

|    FMd  %C>5.4   urn) 

I 

46.7 

33.4    | 

14.0 

3.3 

1.6 

0.5 

drabla  Fraction  ■ 


71.1    PERCENT 


57 


Table      100. 


SIZE  CLASSES.    MICSCNS 


CKVlH     X 

Cunj~\mxivm  % 
Staren  «/T 

\  (>5.4  m) 
Skin   »/T 

\  (>s.*  un) 

V    C>5.4   un) 

'-*      \    ■■■■     r.    un) 


<2.7       I       2.7-    |      3.8-    |      5.4- 


I 


12. DO  | 
7.0  | 
64.7  | 
0.00  ! 
I 
0.00    I 


0.00    I      0.00   I    11.00    I 


01.00  I 

58. 6  | 

58. 6  ! 

0.00  I 


77.7    | 
0.00    j 


2.00  | 

7.8  | 

0.00  I 

0.0  I 

7. SO  | 


9.00  | 

5.2  | 

95.4  ! 

1.00  | 

3.6  I 

0.00  I 

0.0  i 

7.50  | 

28.4  | 

32.2  | 


6.00  ! 

3-5  | 

98.9  | 

2.00  1 

7.8  | 

0.00  I 

0.0  I 

4.00  I 

15.1  | 

22.7  | 


1.25  | 

0.7  | 

99.6  | 

0.38  | 

1.4  | 

0.13  | 

0.5  | 

0.75  | 

!.B  | 

4.3  [ 


0.50  |  0.18  | 

0.3  t  0.1  | 

99.9  |  100.0  j 

0.09  |  0.00  | 


0.3  | 
0.23  I 
0.9    | 


0.0  | 

0.05  f 

0.2  | 

0.14  | 

0.5  | 

C.5  | 


TOTAL    |    AVG  \ 


Mrabla  Fraction   • 


Table   101. 


SIZE  CLASSES.   MICRONS 

10.6- 

15.3- 

21.6- 

>M. 

TOTAL 

TOTAL 

AVG  X    | 

|              VARIABLE 

3.8 

5.4 

7.6      | 

10.8      | 

15.3 

21.6 

30.5 

All 

>S4 

>5.4        | 

|    S/Travw»« 

107.00 

48.00 

34.00 

31.00    | 

13.00   | 

6.00 

2.40 

0.33 

0.11 

242 

53 

|           O-wll   \ 

44.2 

19.6 

14.1 

12.6    | 

5.4    | 

2.5 

1.0 

0.1 

0.0 

I          Cunulativ*  \ 

44. 2 

84.1 

76.2 

91.0   | 

96.3    | 

96. 8 

99.8 

100.0 

100.0 

0.00 

0.00 

0.00 

1.00   | 

0.00    | 

0.50 

0.20 

0.11 

0.11 

■ 

1.1    | 

0.0    | 

0.8 

0.4 

0.2 

0.2 

0.00 

0.00 

0.00 

0.00    | 

0.00    | 

0.00 

0.00 

0.11 

0.00 

0.0   | 

0.0    | 

0.0 

0.0 

0.2 

0.0 

0.00 

3.00 

33.00 

30.00    | 

13.00    | 

5.50 

2.20 

0.11 

0.00 

56.6    | 

24.6    | 

10.4 

4.2 

0.2 

0.0 

96.2    | 

!    F**d  *(>5.4  un) 

56.7    | 

24.6    | 

11.4 

4.5 

0.4 

0.2 

58 
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Table   112. 


FARM  K 
ORIGIN  ANO  MORPHOLOGY  BY   FARM  VISIT 


TYPE 

SHAPE 

|   VISIT  It 

STARCH 

SKIN 

MEAL 

IRREG 

ROUND  CYLND 

|   VISIT  1 

2 

0 

9 

2 

0 

0 

|   VISIT  2 

1 

0 

13 

2 

0 

0 

|   VISIT  4 

t 

0 

9 

0 

0 

0 

|   VISIT  5 

3 

0 

25 

4 

0 

0 

|   VISIT  6 

4 

0 

10 

0 

0 

0 

|   VISIT  7 

0 

0 

0 

0 

0 

0 

|   VISIT  8 

0 

0 

22 

3 

1 

0 

|   VISIT  9 

1 

0 

18 

1 

1 

0 

|   TOTALS 

12 

0 

106 

12 

2 

0 

|  FARM  TOTAL  » 

132 

Table   112b.        size  distribution  for  all  visits 


1  size  microns 

STARCH 

SKIN 

MEAL 

IRREG 

ROUND 

CYLNO     | 

1  <  1.68 

0 

0 

0  I 

0 

0 

0     1 

|  1 . 68  -  2 .  1 

0 

0 

°  I 

4 

1 

0     1 

I  2.1  -  3 . 36 

0 

0 

12  | 

6 

1 

°     1 

|  3.36  -  4.2 

0 

0 

24  | 

1 

0 

o   1 

|  4.2  -  6.72 

3 

0 

23  | 

1 

0 

o   1 

|  6.72  -  8.4 

4 

0 

10  | 

0 

0 

0    1 

|  8.4  -  10.3 

2 

0 

13  | 

0 

0 

o   1 

|  10.3  -  20.0 

2 

0 

u    | 

0 

0 

o   1 

|  >  20.0 

1 

0 

10  i 

0 

0 

°   1 

I  total 

12 

0 

106 

12 

2 

o   1 

1  *  TOTAL 

9 

0 

80 

9 

2 

o   1 

1  *  feed  - 

89 
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Samples  of  aerial  dust  and  other  pertinent  data  were  collected 
from  11  commercial  sulne  finishing  units.  The  sampling  was  conducted 
over  an  eight  month  period  from  July,  1985  to  February,  1986.  Each 
farm  was  sampled  approximately  once  a  month.  Dust  particles  were 
collected  on  membrane  filters  with  a  low-volume  air  sampler.  Both 
light  microscopy  (LM)  and  the  Scanning  Electron  Microscopy  (SEM)  were 
utilized  to  evaluate  the  swine  dust  particles.  The  LM  was  fitted  with 
a  Porton  reticule  disc  for  particle  sizing  and  counting.  The 
polarizer  in  the  LM  was  used  to  positively  identify  starch  particles. 
Other  particles  such  as  grain  meal  and  skin  were  also  identified  with 
the  LM.  The  SEM  was  used  to  supplement  identification  of  particles 
smaller  than  5.4  microns.  Shape  and  texture  were  the  primary 
identification  tools. 

Analysis  by  both  LM  and  SEM  revealed  the  airborne  particles  to  be 
diverse  in  both  shape  and  size.  Particles  identified  include  grain 
meal,  starch,  skin,  pollen  and  insect  parts.  The  feed  component 
(starch  and  grain  meal)  was  79  percent  by  both  SEM  analysis  and  LM 
analysis  (over  16,000  particles  were  counted  in  the  LM  analysis). 
Thus,  feed  particles  made  up  the  greatest  percentage  of  the  swine 
finishing  house  airborne  particles. 


